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1 SUMMARY OF INTERLABORATORY STUDY 89-5 

Interlaboratory Study 89-5 was the third of an on-going program of laboratoiy performance man- 
agement studies initiated by the Quality Assurance Office, Laboratory Services Branch of Envi- 
ronment Ontario. It as sesses the performance of participating laboratories for the analysis of selected 
organic parameters (Table 11, Section 2. 1 ) in spiked reagent water. Fifteen laboratories (government 
and commercial) agreed to participate in this study. Results were received from twelve participants. 

The parameters were chosen from three different MIS A analytical Test Groups (1). The results for 
each parameter group were interpreted separately. 

The results demonstrate variable performance among laboratories. Some participants were able to 
achieve good recovery (80-110%) of the target parameters across the scan for the Base/Neutral 
Extractables (MISA Group 19) and the Neutral Chlorinated Extractables (MISA Group 23). Other 
laboratories demonstrated biases due to differences in calibration standards or analytical procedures. 
Some of the laboratories experienced some laboratory contamination with phthalates. These 
compounds are commonly used as plasticizers and are common laboratory contaminants. 

The results for the Acid Extractables (MISA Group 20) were more variable, with mean recoveries 
ranging from 31-113%. Very few of the participants were able to achieve consistent performance 
for this parameter group. 

Differences in standards may result in consistent over- or under-recovery across the scan. Dif- 
ferences in analytical procedures may produce a variety of effects, including over- or under-recovery 
of specific parameters, patterns of increasing or decreasing recovery across the scan, and variability 
of recovery of low level spikes versus high level spikes. It is desirable that laboratories demonstrating 
some of these problems strive to correct these difficulties. Individual laboratory performance is 
reviewed for the above performance criteria and some suggestions for areas of improvement are 
provided. Future interlaboratory studies that include the analysis of the Base/Neutral, Acid, and 
Neutral Chlorinated Extractablc Organics will attempt to monitor improvements in performance 
by the participants. 



2 SUMMARY OF RESULTS 



Due to the large number of parameters included in this interlaboratory study, this repon does not 
attempt to assess the between-laboratory performance of each individual parameter. A review of 
the range of results given by the Minimum and Maximum values in Tables 1,3, and 5, Appendix 
1 , indicates that the results may vary by an order of magnitude. However, as there were only two 
spiked samples to each participant, there is insufficient data to assess the analytical characteristics 
of each individual parameter. Future studies will attempt to assess the analytical characteristics of 
individual parameters by submitting more samples to the participants and including duplicate 
analyses. An overview of the interlaboratory performance for each MISA analytical Test Group is 
given in Section 5. 

The following table summarizes each individual laboratory's performance. The description for the 
ranking procedure for the interanalyte variability and interanalyte recovery is given in Section 4.4, 
A detailed review of each participant's performance, with some recommendations for areas of 
improvement, is given in Section 5. 

TABLE I - SUMMARY OF PARTICIPANTS' PERFORMANCE 

NOTE: See Section 4.4 for detailed description of ranking procedure. 




MISATFSTQROUP PERFORMANCE 



Base/Neutrals (19) 



Acids (20) 



Neutral 
Chlorinated (23) 



2002 



Base/Neutrals (19) 



Excellent within-laboratory interanalyte repeatability 

Satisfactory performance for interanalyte variability 

Low bias relative to design value 

Results within one standanl deviation of interlaboratory 

mean and median 

Satisfactory within-laboratory interanalyte repeatability 

Very variable interanalyte performance 

Good recovery relative to the design value 

Results were higher than interlaboratory mean and 

median, sometimes by more than one standard deviation; 

results within one standard deviation of design values 

Results outside upper within-laboratory precision limits 

due to low recovery of one sample 

Very variable interanalyte performance 

Very low bias relative to design value 

Variable performance relative to the interlaboratory mean 

and median; several parameters lower by more than one 

standard deviation 

Some inconsistencies regarding within- laboratory 
interanalyte repeatability 

Satisfactory performance for interanalyte variability 
Good recovery relative to design value; some parameters 
indicate slight low bias 

Most results within one standard deviation of interlabo- 
ratory mean and median 



LAB 

CODE 

2002 



MISA TEST GROUP PERFORMANCE 



Acids (20) 



Neutral Chlorinated (23) 



2003 



Base/Neutrals (19) 



Acids (20) 



Neutral Chlorinated (23) 



2004 



Base/Neutrals (19) 



Acids (20) 



Satisfactory within-laboratory interanalyte repeatability 

Satisfactory performance for interanalyte variability with 

one outlier 

Recovery of parameters in two groups, one group has 

slight low bias and other group very low bias 

Results within one standi deviation of interlaboratory 

mean and median except for 2,4-Dichlorophenol 

Satisfactory within-laboratory interanalyte repeatability 

Satisfactory performance for interanalyte variability 

Excellent interanalyte recovery 

Results were higher than interlaboratory mean and 

median, sometimes by more than one standard deviation; 

results within one standard deviation of design values 

Some inconsistencies regarding within-laboratory inter- 
analyte repeatability; some problem parameters 
Variable interanalyte performance 
Good recovery relative to the design values with some 
parameters slight low bias 

Consistent recovery across the scan for the low spike; 
pattern of increasing recovery across the scan for the high 
spike 

Most results within one standard deviation of interlabo- 
ratory mean and median 

Consistent within;laboratory interanalyte repeatability 
Very variable interanalyte performance 
Biased low relative to design value 
Results lower than the interlaboratory mean and median, 
but most were within one standard deviation 
SatisfactOTy within-laboratory interanalyte repeatability 
Variable interanalyte performance 
Biased low relative to design value 
Results lower than the interlaboratory mean and median, 
but most were within one standard deviation 

Poor within-iaboratory interanalyte repeatability 

Satisfactory performance interanalyte variability 

Low bias for the low spike and a slight high bias for the 

high spike 

Results for low spike within one standard deviation of the 

interlaboratory mean and median; results for high spike 

were high relative to interlaboratory mean and median 

Poor within-laboratory interanalyte repeatability 

Interanalyte performance very variable 

Very variable recovery relative to the design value 

Variable performance compared to the interlaboratory 

mean and median; many parameters differ by more than 

one standard deviation 
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LAB 

CODE 

2004 



MISA TEST GROUP PERFORMANCE 



Neutral 
Chlorinated (23) 



2005 



Base/Neutrals (19) 



Acids (20) 



Neutral 
Chlorinated (23) 



2006 



Base/Neutrals (19) 



Acids (20) 



Neutral 
Chlorinated (23) 



Good within-laboratory interanalyte repeatability 

Very variable interanalyte performance 

One group of parameters with a low bias and the second 

group with a very low bias relative to design value 

Results low compared to the interlaboratory mean and 

median 

Some parameters demonstrate satisfactory within- 
laboratory interanalyte repeatability, but may results are 
outside precision limits 
Very variable interanalyte performance 
Good recovery for some parameters but low bias for many 
parameters 

Results variable compared to the interlaboratory mean 
and median; several parameters differ by more than one 
standard deviation 

Poor within-laboratory interanalyte repeatability 
Very variable interanalyte performance 
Variable recovery relative to the design value; tendency 
to low bias 

Results variable compared to the interlaboratory mean 
and median 

Good within-laboratory interanalyte repeatability 
Satisfactory performance for interanalyte preformance 
Good recovery relative to the design value; slight low bias 
for some parameters 

Consistent results relative to the interlaboratory mean and 
median 

Satisfactory within-laboratory interanalyte repeatability 

Satisfactory peformance for interanalyte variability 

Very low bias relative to the design value 

Results biased low relative to the interlaboratory mean 

and median 

Satisfactory within-laboratory interanalyte repeatability 

Satisfactory performance for interanalyte variability for 

most parameters; some parameters not detectted in low 

spike 

Low bias relative to the design value 

Results biased low relative to the interlaboratory mean 

and median 

Good within-laboratory interanalyte repeatability 

Variable interanalyte performance 

Biased low relative to design value 

Results biased low relative to the interlaboratory mean 

and median 



LAB 

CODE 

2007 



MISA TEST GROUP 
Base/Neutrals (19) 



Acids (20) 



Neutral 
Chlorinated (23) 



2008 



2010 



Base/Neutrals (19) 
Acids (20) 
Neutral 
Chlorinated (23) 

Base/Neutrals (19) 



Acids (20) 



Neutral 
Chlorinated (23) 



PERFORMANCE 

- Within-laboratory interanalyte repeatability satisfactory, 
but is biased low outside the precision limits due to low 
recovery of high spike 

- Satisfactory performance for interanalyte variability 

- Low bias for low spike, very low bias for high spike, 
relative to design value 

- Results biased low relative to the interlaboratory mean 
and mean 

- Good within-laboratory interanalyte repeatability 

- Variable interanalyte performance 

- This laboratory noted that they used an old calibration 
standard for this scan; results were biased low relative to 
design values and may be attributed to old standard 

- Results were biased low relative to the interlaboratory 
mean and median; may be attributed to old standard as 
noted above 

- Within- laboratory interanalyte repeatability good, but is 
biased low outside the precision limits due to low 
recovery of high spike 

- Excellent performance for interanalyte variability 

- Results biased low relative to the design values 

- Good agreement with the interlaboratory mean and 
median for the low spike; high spike was low relative to 
the interlaboratory mean and median 

- Technician error occurred during extraction of their 
samples therefore chromatography was severely affected; 
not possible to assess performance 



- Variable within-laboratory interanalyte repeatability 

- Variable interanalyte performance 

- Good recovery relative to the design value 

- Results biased high relative to the interlaboratory mean 
and median; many parameters differ by more than one 
standard deviation but are within one standard deviation 
of the design values 

- Poor within -laboratory interanalyte repeatability 

- Very variable interanalyte performance 

- Variable recovery relative to design value 

- Results were slighdy high compared to the interlabora- 
tory mean and median; some parameters in the high spike 
differed by more than one standard deviation 

- Good within-laboratory interanalyte repeatability 

- Excellent performance for interanlyte variability 

- Slight low bias relative to design value 

- Good agreement with the interlaboratory mean and 
median 



CODE 
2011 



MISA TEST GROUP 
Base/Neutrals (19) 

Acids (20) 



2012 



Neutral 
Chlorinated (23) 



Base/Ncutrals (19) 



Acids (20) 



Neutral 
Chlorinated (23) 



2013 



Base/Neutrals (19) 



PERFORMANCE 

- Satisfactory within -laboratory interanalyte repeatability 
Satisfactory perfonnance for interanalyte variability 

- Good recovery relauve to the design value 

- Good agreement with the interlaboratory mean and 
median for most parameters; some values on the high side 

- Satisfactory within-laboratory interanalyte repeatability 

- Very variable interanalyte performance 
Variable recovery relative to the design value 

- Slight pattern of decreasing recovery across the scan 

- Good agreement with the interlaboratory mean and 
median for most parameters 

Results withdrawn after initial tables of results distributed 
to participants; interlaboratory study samples were 
mixcd-up with other samples by the laboratory 

- Good within-laboratory interanalyte repeatability for 
some parameters, variable precision for others 
Variable interanalyte performance 

Samples contaminated with Bis(2-ethylhexyl)phthalatc, 
including the lab blank 

- Low bias relative to design value 

- Pattern of decreasing recovery across the scan for the low 
spike but consistent recovery across the scan for the high 
spike 

- Good agreement with interlaboratory mean and median 
except for problem parameter noted above 

- Good within-laboratory interanalyte repeatability 
Satisfactory performance for interanalyte variability 

- Good recovery relative to design values with slight low 
bias for some parameters 

- Good agreement with the interlaboratory mean and 
median 

- Variable within-laboratory interanalyte repeatability 

- Satisfactory interanalyte performance for low spike; 
variable interanalyte performance for high spike 

- Low bias relative to die design value 

- Consistent recovery across the scan for the low spike; 
pancm of increasing recovery across the scan for the high 
spike 

- Good agreement with the interlaboratory mean and 
median 

Satisfactory within-laboratory interanalyte repeatability 
Satisfactory performance for interanalyte variability 

- Slight low bias relative to design value for low spike; good 
recovery for high spike 

- Good agreement with the interlaboratory mean and 
median for most parameters 



LAB 
CODE 

2013 



MISATESTCROUP 
Acids (20) 



Neutral 
Chlorinated (23) 



PERFORMANCE 

- Poor within-laboratory interanalyte repeatability 
Very variable interanalyte performance 

- Variable recovery relative to the design values; 
4,6-Dinitro-o-Crcsol biased considerably high and 
excluded from statistical calculations 

- Results demonstrate a pattern of increasing recovery 
across the scan 

Variable jierformance relative to the interlaboratory mean 
and median 

- Variable within-laboratory interanalyte repeatability 

- Very variable interanalyte performance 

- Variable recovery relative to design value 

- Parameters appeared as two different groups across the 
scan, with a sudden shift in recovery taking place 

- Some parameters had good agreement with the interla- 
boratory mean and median while others differed by more 
than one standard deviation 
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3 INTRODUCTION 

Interlaboratory performance studies are conducted to assess the comparability of data among dif- 
ferent laboratories. These studies help in the identification of biases, precision and accuracy 
problems. Participation in such studies helps in improving individual laboratory performance and 
maintaining performance standards. The Quality Assurance Office, Laboratory Services Branch 
(LSB), Environment Ontario has instituted an on-going program of interlaboratory studies to assess 
and enhance the performance of environmental laboratories providing analytical services. 

This study was designed to assess the analytical variability between laboratories for the analysis of 
base/neutral, acid, and neutral chlorinated extractable organics. Parameters were chosen ftom 
analytical test groups listed in die MIS A (Municipal and Industrial Strategy for Abatement) General 
Regulation (1). Participants were requested to use methods which conformed to die MIS A analytical 
principles and protocols given in the General Regulation (1). 

Fifteen laboratories (government and conrmiercial) agreed to participate in this study. Results were 
received from twelve panicipants. A list of participants is included in Appendix 2. Each participant 
was assigned a unique identification code to maintain confidentiality. 

A set of three samples was distributed to each of the fifteen participants. The samples consisted of 
a reagent water blank and two reagent water samples fortified with subsets from MIS A Test Groups 
19, 20, and 23 (1). Sections 4.1 and 4.2 describe sample preparation and distribution. Section 4.3 
describes analytical methodology requirements. Section 4.4 describes data handling. Final results 
and individual participant's performance are discussed in Section 5.0. 

4 PROCEDURE 

4.1 Preparation of Samples 

A combined Spiking Solution was prepared in deionized distilled water. Stock solutions con- 
sisted of four different organic mixtures from the US-EPA and one in-house prepared ampoule. 
Table 11 lists die parameters present in each ampoule that are pan of MISA Test Groups 19, 20 
and 23. The EPA ampoules contained some additional compounds not listed, that are not part 
of these MISA Test Groups. 

Deionized distilled water was used for the sample matrix. Care was taken that no plastic materials 
came into contact with die water when transferring to one litre amber sample botties. To each 
bottie, 800 mL of water was added by weight (800 g ±2 g). Unspiked botdes were labelled 
"EXTA". The appropriate amount of Spiking Solution was dispensed into die bottles for die 
low and high spikes. The low spike was labelled "EXTB" and die high spike was labelled 
"EXTC". 
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TABLE n - PARAMETER LIST 



EPA GC/MS BASE NEUTRAL I 
WP286 



EPA GC/MS BASE NEUTRAL U 
WP586 



EPA GC/MS BASE NEUTRAL m 
WP186 



EPA PHENOLS 
WP985 



PHNL02 
(In-house ampoule) 



B is(2-chloroethy 1 )ether 

Nitrosodi-n-propylamine 

B is (2- Chloroethoxy )methane 

1 ,2,4-Trichlorobenzcne 

Hexachlonobutadiene 

2-Chloronaphthalcne 

2,6-Dinitrotoluene 

2,4-Dmitrotoluene 

Hexachlorobenzene 

Phenanthrene 

Di-n-butyl Phthalate 

Pyrcne 

Benzo(a)anthrace ne 

Benzo(k)fluoranthene 

Hexachloioethanc 

Naphthalene 

Acenaphthene 

Fluorene 

Anthracene 

Fluoranthene 

Butyl benzyl Phthalate 

Chxysene 

Bis(2-Ethylhcxyl)phthalate 

Benzo(b)fluoranthene 

Ben2o(a)pyrene 

Dibenzo(a,h)anthTacene 

Benzo(g,h ,i)pery lene 

1 ^.S-Trichlorobenzene 
1 ,2,4-Trichlorobenzene 
1 ,2,4^-Tetrachlorobenzene 
1 ,2,3.4-Tetrachlorobenzenc 

4-Chloro-3-methylphenol 

2-Chlorophenol 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

2-Mcthyl-4,6-dinitrophenol 

4-Nitrophcnol 

Pentachlorophenol 

Phenol 

2,4,6-Trichloroohenol 

2,3,4^-Tetrachlorophcnol 

2,3 ,4,6-Tetrachlorophcnol 

2,3.5,6-Tetrachlorophenol 

2,4,5-Trichlorophenol 

2,3,4-Trichlorophenol 

p-CresoI 
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4.2 Sample Distribution 

Prior to sample preparation, a Letter of Notification was sent to each participating laboratory. 
Written confinnation of participation was required. A list of participating laboratories is given 
in Appendix 2. 

A set of three samples for each participating laboratory was packaged in a cardboard box and 
shipped via Purolator courier on May 2, 1989. 

4.3 Analytical Methodology 

Participants were requested to analyze the samples using routine in-house methods that complied 
with the principles and protocols outlined in Schedule 3 of the MIS A General Regulation (1). 
Participants were not required to provide the details of their analytical procedure. 

4.4 Data Handling 

Results were submitted to the Quality Assurance Office, LSB in written form. All data were 
manually entered by laboratory code into an electronic spreadsheet. Blank spaces were left 
when a laboratory did not report results for a specific parameter that was present in the spiking 
material (i.c, the participant did not have the appropriate calibration standard). K the result was 
reported as <MDL or ND, a "0" was entered if the MDL was less than the design value. If the 
^tt)L was greater than the design value and <MDL was reported, then the MDL value (if known) 
was entered. 

In several different cases, participants reported a combined value for two (or more) parameters 
that co-eluted. For the purposes of statistical calculations, the total result was evenly divided 
between the co-eluting parameters. 

The final percent panicipanon was 80%. 

Interlaboratory variability was determined by calculating the mean, median, and standard 
deviation. The minimum and maximum values were identified to give an indication of the range 
of results. Outliers were not removed from the data set when calculating between-laboratory 
variability, except for the results from Laboratory 2013 for 4,6-Dinitro-o-cresol. Sec Section 
5.2 for a detailed explanation. 

The percent recovery for each parameter was calculated based on the design value of the spiking 
material. These results are tabulated in Appendix 1. 

To assess each laboratory's performance across the scan, bar graphs of the recovery for each 
parameter from each participating laboratory were prepa^ and are included in Appendix 1. 
The different MISA test groups were divided into separate graphs. Parameters are arranged 
from left to right in approximate order of gas chromatographic elution. This is based on a SPB-5 
capillary column for the Base/Neutral Extractables (MISA Test Group 19), a DB-5 capillary 
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column for the Acid Extractables (MISA Test Group 20), and a DB-1 capillary column for the 
Neutral Chlorinated Extractables (MISA Test Group 23). All results are presented as percent 
recovery of the design value. Outliers were not deleted. 

To assess within-laboratory performance based on interanalyte repeatability and bias, the paired 
results, converted to percent recovery, for samples EXTB and EXTC were plotted for each 
participant using Youden's two-sample technique (2). Separate plots were prepared for each 
of the MISA Test groups (i.e. separate plots for the Base/Neutrals, Acids, and Chlorinated 
Neutrals). A 45* line was drawn between the origin and the target value (100%). Precisely 
biased data is expected to lie on or close to this line. Tolerance limits of ±20% were also drawn 
on the graphs. This amount of variation for organic analysis should be achievable by all par- 
ticipants. These graphs are included in Appendix 1. 

Using the set of graphs described above, individual laboratory performance was assessed for 
interanalyte variability and interanalyte bias. The different MISA Test Groups were divided 
into separate graphs. Interanalyte repeatability was ranked according to how the grouping of 
data points clustered in a circle: radius of ±10% - excellent; radius of ±20% - satisfactory; radius 
of ±30% - variable; radius of >30% - very variable. The location of the centre of the group of 
data along the 45' line determined a ranking for interanalyte bias. The following criteria was 
used to rank performance for recovery; centre at 100% - excellent; centre at 90-1 10% - satis- 
factory; centre at 75-85% - slight low bias; centre at 50-70% - low bias; centre <50% - very low 
bias. There were no laboratories in this study whose data centred around a recovery of >1 10%. 



5 RESULTS AND DISCUSSION 

Three laboratories who received samples did not report any results. One laboratory received sample 
EXTC with the lid off and 1 00 mL of solution remaining in the bottle. An extra sample was shipped 
to that participant. 

The complete set of reported results (Tables 1, 3 and 5, Appendix 1) was sent to the participants 
for review in September 1989. Laboratory 2011 requested that their results for the Neutral Chlo- 
rinated Extractables (MISA Group 23) be withdrawn from the data set, as the interlaboratory study 
samples had been mixed with another set of samples. Their results are included separately in Table 
5, but are not pan of the statistical calculations. Additional information provided by each participant 
is included with the review of their results. 

5.1 Base/Neutral Extractables (MISA Group 19) 

OVERVTKW OF INTE RLABORATORY PERFORMANCE 

The graphical representation of the results arranged in elution order (Figures 1-8) demonstrate 
that the majority of laboratories perform consistently across the scan. None of the laboratories 
demonstrate a pattern of increasing recovery across the scan, a phenomenon noted in a previous 
study (Interlaboratory Study 88- 1) involving this parameter group (3). 

The previous study (3) also identified the reverse pattern of decreasing recovery across the scan. 
The results from Laboratories 2001, 2005, 2010, and 2012 for Sample EXTB in this study have 
lower recoveries for the parameters eluting during the final third of the scan. However this 
pattern is not displayed for Sample EXTC. With only two samples from each participant, it is 
not possible to determine if the laboratory's extraction procedure or the temperature program 
of the gas chromatograph caused the lower recoveries of the parameters eluting at the end of 
the scan. The laboratories demonstrating this pattern for Sample EXTB should check their 
in-house QC program to determine if this is a frequent problem or attributable to random error. 

The interiaboratory mean for all parameters, except Bis(2-ethylhexyl)phthalate in both samples, 
andBis(2-Chloroethoxy)methane in EXTC, was lower than the design value. For Sample EXTB 
the interlaboratory mean was 1.0-1.5 ppb lower than the design value (16-25% lower). For 
Sample EXTC the interiaboratory mean was 5.0-6.0 ppb lower than the design value (23-28% 
lower). 

The interlaboratory median for all parameters, except Bis(2-ethylhexyl)phthalate in Sample 
EXTC, was lower than the design value. For Sample EXTB the interlaboratory median was 
1 .05-2.5 ppb lower than the design value (18-42% lower). For Sample EXTC the interlaboratory 
median was 2.95-7.8 ppb lower than die design value (14-37% lower). 

Some of the participants exhibited a low biasrelarive to the design value and to the interiaboratory 
mean and median. This was particularly noticeable for Laboratory 2006. Laboratory 2007 's 
results were low relative to the design value, but were very close to the interiaboratory mean 
and median. 
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None of the participants demonstrated a high bias, relative to the design values. Some of the 
laboratories did have results that were biased high relative to the interlaboratory mean and 
median. However these laboratories' results were very close to the design value. This suggests 
that the differences between the laboratories are due to differences in standards, rather than 
differences in analytical procedures. 

Some individual parameters were over-recovered, most commonly the different phthalates. 
Bis(2-ethylhexyl)phthalate and Di-n-butyl phthalate were the only two parameters detected in 
the unspiked sample (EXTA). This group of compounds are used as plasticizers and are common 
laboratory contaminants. 

The Youden two-sample plots for each individual laboratory (Figures 9-20) demonstrate that 
approximately 75% of the laboratories are able to maintain with in -laboratory interanalyte 
variability of ±20%. Individual parameters may be a problem for an individual laboratory. 

Due to the large number of parameters included in MIS A Group 19, this report does not attempt 
to assess the between-laboratory performance of individual parameters, other than as noted 
above regarding phthalates. With only two spiked samples analyzed by each participant, there 
is insufficient data to assess the analytical characteristics of each parameter. Future studies will 
attempt to assess the analytical characteristics of individual parameters by submitting more 
samples to the participants and including duplicate analyses. 

The following sections review individual laboratory performance. Performance was assessed 
according to within-laboratory interanalyte repeatability, percent recovery relative to the design 
value (interanalyte bias), performance across the scan, and percent recovery relative to the 
interlaboratory mean and median. 

LABORATORY 2001 

The samples for this scan were analyzed using GC/MS. The results from this laboratory 
demonstrated consistent recovery relative to the design value for most parameters. They did 
not detect 2-Chloronaphthalene in both of the spiked samples. However they did report results 
for 1-Chloronaphthalene. Participants were not required to provide the name of the GC column 
that they used, so it is not known whether the two isomers elute close together, and were 
mis-identified in these samples. 

The results demonstrate excellent within-laboratory interanalyte repeatability (Figure 9). The 
majority of the paired results are close to the target line of precision and all results are within 
the precision limits. 

Interanalyte variability is satisfactory, as the cluster of data points is within a radius of ±20%. 

The percent recovery for most parameters is between 60-80%, relative to the design value (Table 
2, Appendix 1 ). The centre point of the data points is approximately 70% (Figure 9), indicating 
a low bias. These results suggest that the calibration standard for this laboratory is more con- 
centrated than the design value, resulting in the low bias. 
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The performance across the first two thirds of the scan is consistent for both the low and high 
spikes (Figures 1 and 5, Appendix 1). A slight decrease in recovery for the parameters eluting 
during the final third of the scan is noted for both samples. This last group includes several 
polyaromatic hydrocarbons (PAH's) that are sensitive to a poor injection into the gas chro- 
matograph, thereby reducing their recovery. The low recovery may also be due to interferences 
from the clean-up step (if used; this information was not required to be submitted by the 
participants). 

Laboratory 2(X)1 demonstrated consistent performance relative to the interlaboratory mean and 
median. Only one parameter, Chrysene, in Sample EXTB differed from the interlaboratory 
mean by more than one standard deviation (Table 1, Appendix 1). All the results for Sample 
EXTC are within one standard deviation of the interlaboratory mean and median. 

LABORATORY 2002 

This laboratory reported a combined result for Benzo(b)fluoranthene and Benzo(k)fluoranthene. 
The total result was evenly divided between the two isomers for the purposes of statistical 
calculations. 

The results demonstrate some inconsistencies for within-laboratory interanalyte repeatability 
(Figure 10). The majority of results are close to the hne of target precision. The outlying points 
indicate some problem parameters that are discussed in detail below. 

The majority of data points are within a radius of ±20%, demonstrating satisfactory performance 
for interanalyte variability. 

This laboratory demonstrated good recovery relative to the design value for most parameters. 
The majority of parameters have recoveries between 80-100% for both spiked samples (Table 
2, Appendix 1). Two parameters were over-recovered in Sample EXTB, Bis(2- 
chloroethoxy)methane and Naphthalene. TTiis may be due to random unidentified laboratory 
contamination, as the results for Sample EXTC were not affected. One parameter, 
Benzylbutylphthalate, appears to have been difficult to recover by this laboratory. In Sample 
EXTB the recovery was 30% and in Sample EXTC the recovery was 29%. Phthalates are 
common laboratory contaminants. This laboratory may have had a high laboratory blank result 
for this parameter and by subtracting that value firom the day's results, over-corrected the 
interlaboratory study results. Participants were not required to submit their daily QC values 
with the interlaboratory study results. The centre of the data points (Figure 10) is approximately 
85%. This indicates a slight low bias relative to the design value. 

The results across the scan are consistent and do not demonstrate any patterns (Figures 1 and 
5). Problem parameters were noted above. 

The problem parameters noted above differed from the interlaboratory mean by more than the 
standard deviation. Most of the other results are within one standard deviation of the interla- 
boratory mean median. However the results for Bis(2-chloroethyl)ether are higher than the 
interlaboratory mean and median by more than one standard deviation, for both spaced samples. 
Greater variability are observed in the low spike (Sample EXTB), as the results for Chrysene, 
2,4-Dinitrotoluene, and 2,6'Dinitrotoluene are greater than the interlaboratory mean and median 
by more than one standard deviation. These results indicate better agreement with the design 
values for these specific parameters, than that achieved by most of the participants. 
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LABORATORY 2003 

The results demonstrate some inconsistencies for within -laboratory interanalyte repeatability 
(Figure 1 1). Most paired results are within the precision limits. Several points are outside the 
upper precision limits. The parameters that are over-recovered are discussed below. 

The data pairs are clustered with a radius of ±30%, with several outliers. This indicates variable 
performance for interanalyte precision. 

The majority of the results from this laboratory demonstrated recoveries between 70-100%, 
relative to the design value. Three parameters were over-recovered in the high spike (Sample 
EXTC), Fluoranthene, Pyrene, and Bis(2-ethylhexyl)phthalate. This may be due to random 
laboratory contamination, as the results for Sample EXTB were not affected. One parameter, 
Benzylbutylphthalate, appears to have been difficult to recover by this laboratory. In Sample 
EXTB the recovery was 8% and in Sample EXTC the recovery was 7%. Phthalates are common 
laboratory contaminants. This laboratory may have had a high laboratory blank result for this 
parameter and by subtracting that value from the day ' s results, over-corrected the interlaboratory 
study results. Participants were not required to submit their daily QC values with the interla- 
boratory study results. The centre of the cluster of data pairs (Figure 11) is approximately 
75-80%, indicating a slight low bias. 

There is no pattern in the results across the scan for Sample EXTB. However the results for 
Sample EXTC have higher recoveries for the parameters eluting at the end of the scan (Figure 
5). The lower recoveries of the parameters during at the beginning of the scan may be due to 
a higher temperature setting on the gas chromatogram, causing some volatilization of these 

compounds. 

The problem parameters noted above differed from the interlaboratory mean and median by 
more than the standard deviation. Most of the other results are within one standard deviation 
of the interlaboratory mean. However the results for Ben2o(g,h,i)perylene and Benzo(k)fluo- 
ranthene in Sample EXTB are higher than the interlaboratory mean and median by more than 
one standard deviation. 

LABORATORY 2004 

The results from this laboratory demonstrate some problems regarding within-laboratory 
interanalyte repeatability (Figure 12). Most data pairs are outside the precision limits. The 
clustering of the data points above the upper precision limit indicates problems with Sample 
EXTC, discussed in detail below. The one outlier to the right suggests contamination of Sample 
EXTB for the one parameter. 

The interanalyte variability is satisfactory, despite the problems with sample EXTC. TTie 
majority of data pairs are clustered within a radius of ±20%. 

This laboratory's results are variable relative to the design value. In Sample EXTB, Benzyl- 
butylphthalate was not detected but in Sample EXTC aresult giving 122% recovery was reported. 
In Sample EXTB Bis(2-ethylhexyl)phthalate was over-recovered but in Sample EXTC a result 
giving 101% recovery was reported. The accompanying blank sample, EXTA, was contam- 
inated with Bis(2-ethylhexyl)phthalate, and this compound appears to have contaminated 
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S ample EXTB . There is no clear explanation as to why S ample EXTC was not also contaminated. 
In Sample EXTB a low result was reported forDi-n-Butyl phthalate, giving a recovery of 32%, 
but in Sample EXTC the result gave a recovery of 82%. The majority of results for Sample 
EXTB have recoveries between 60-85%, relative to the design value. The majority of results 
for Sample EXTC have recoveries between 100-125%, relative to the design value. 

The centre of the cluster of data pairs (Figure 12) differs for the two samples. For Sample EXTB 
the results centre at approximately 805, suggesting a slight low bias. For Sample EXTC the 
results cluster around 115%, suggesting a slight high bias. There may be several different 
sources for this discrepancy between the two samples. There may be a slope problem with the 
calibration curve, or the preparation method may be less sensitive for the lower level sample. 

The results across the scan do not demonstrate any pattern (Figures 2 and 6). Problem parameters 
were mentioned above. 

Most of the results reported for Sample EXTB are within one standard deviation of the inter- 
laboratory mean, except for Dibenzo(a,h)anthracene, 2,6-Dinitrotoluene and the problem 
parameters noted above. However many of the results for Sample EXTC are biased high relative 
to the interlaboratory mean and median. Results for Benzo(a)anthracene, Benzo(a)pyrene, 
Benzo(b)fluoranthene, Benzo(g,h,i)perylene, Benzo(k)fluoranthene, 2-Chloronaphthalene, 
Chrysene, Dibenzo(a,h)anthracene, Bis(2-chloroethyl)ether, 2,4-Dinitrotoluene, 2,6-Dinitro- 
toluene, and Bis(2-chloroethoxy)methane are all higher than the interlaboratory mean and 
median by more than one standard deviation. 

LABORATORY 2005 

The results demonstrate problems with regard to within-laboratory interanalyte repeatability 
(Figure 1 3). One group of parameters are within the precision limits, but many of the paired 
data points are outside the limits. 

There is considerable spread along the target line, indicating systematic bias across the scan. 
The spread of results is >30%, demonstrating very variable interanalyte performance. 

This laboratory's results were variable relative to the design value. They did not detect 
Anthracene, Benzo(a)anthracene, Benzo(a)pyrene, and Benzo(g,h,i)perylene in Sample EXTB . 
They did not detect Benzo(a)pyrcne and Benzo(g,h,i)perylene in Sample EXTC. They had a 
low result for Acenaphthene in S ample EXTB and low results for Pyrene in both samples. These 
parameters are all polyaromatic hydrocarbons (PAH's). The results suggest that the extraction 
procedure used by this laboratory is not effective for the analysis of this group of compounds. 

The data pairs do not demonstrate a central tendency (Figure 13). A small group of parameters 
demonstrates satisfactory interanalyte recovery (centred around 90%). The spread of the 
remaining data pairs inc^cates low to very low bias, particularly for the high spike (Sample 
EXTC). These reflect the problems noted above for the PAH's. 

The results across the scan do not demonstrate any pattern (Figures 2 and 6). The results are 
variable based on the problem parameters noted above. This is evident for both the high and 
low spikes. 
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This laboratory's results were vmable relative to the interlaboratory mean and median. The 
problem parameters noted above were more than one standard deviation lower than the inter- 
laboratory mean and median. In Sample EXTB the result for 4-Bromophenyl phenyl ether was 
greater than the interlaboratory mean and median by more than one standard deviation. In 
Sample EXTC the results for Fluorcne, Benzylbutylphthalate, Di-n-butylphthalate, and 
2,4-Dinitrotoluene were higher than the interlaboratory mean and median by more than one 
standard deviation. 

LABORATORY 2006 

The results demonstrate satisfactory within-laboratory interanalyte repeatability for almost all 
of the parameters (Figure 14). The interanalyte variability is satisfactory, with the data pair 
clustered within a radius of ±20%. Four parameters are just outside the precision limits. 

The results from this laboratory were biased low relative to the design value. Recoveries ranged 
from 30-50% in both samples, with only one parameter, Bis(2-ethylhexyl)phthalate in Sample 
EXTC having a recovery of 78%. This parameter was detected in the blank sample (EXT A). 
This is a common laboratory contaminant, but there is no explanation as to why only one of the 
samples was contaminated. One low result was observed for 2,4-Dinitrotoluene in Sample 
EXTB. The centre of the cluster of data pairs is less than 50%, indicating a very low bias relative 
to the design value. 

The results across the scan do not display any pattern (Figures 2 and 6). Except for the two 
problem parameters noted above, this laboratory had consistent results across the scan. 

This laboratory's results were biased low relative to the interlaboratory mean and median. More 
than 60% of their results were less than the interlaboratory mean by more than a standard 
deviation. The combination of being biased low relative to the design values and to the inter- 
laboratory mean and median, suggests that the calibration standard of this laboratory is inac- 
curate. This laboratory's standard appears to be too concentrated, resulting in the low bias for 
the sample results. 

LABORATORY 2007 

This laboratory did not report results for Bis(2-Chloroethyl)ether and Bis(2- 
Chloroethoxy)methane. 

The results demonstrate a bias regarding the within -laboratory interanalyte repeatability (Figure 
15). The majority of data points are grouped together, but are shifted away from the target 
precision line by the under-recovery of sample EXTC. This problem may be due to the labo- 
ratory's method extraction efficiency noted below. The interanalyte variability was satisfactory 
for most parameters. The results are clustered within a radius of ±20%, 

The results for the reponed parameters were biased low relative to the design value. This was 
more pronounced for Sample EXTC (High spike), which had most recoveries ranging from 
40-50%. Most of the results for Sample EXTB were between 60-70%. As a result, tiie cluster 
of results for EXTB are centred around 70% (Figure 15), demonstrating a low bias. The results 
for EXTC are centred around 35%, demonstrating a very low bias. 
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The results across the scan do not display any pattern (Figures 3 and 7). This laboratory had 
consistent results across the scan. 

Many of this laboratory's results were biased low relative to the interlaboratory mean and 
median. This was more pronounced for Sample EXTC. The combination of being biased low 
relauve to the design values and to the interlaboratory mean and median, suggests that the 
calibration standard of this laboratory is inaccurate. This laboratory's standard appears to be 
too concentrated, resulting in the low bias for the sample results. 

The lower recovery of the high spike (Sample EXTC) compared to the low spike also suggests 
that this laboratory's extraction procedure may not be as efficient when higher levels of the 
target parameters are present. 

LABORATORY 2008 

Laboratory 2008 added a note to qualify all of their data. A technical error occurred during the 
extraction of the samples, with excess derivatizing reagent being added to the samples. The 
chromatography was si gnifi candy affected, with both peak shape and retention times altered. 
There was insufficient sample to repeat the extraction. 

This laboratory reported a combined result for Benzo(b)fluoranthene and Benzo(k)fluoranthene. 
The total result was evenly divided between the two isomers for the purposes of statistical 
calculations. 

The results from this laboratory were included in the tables in Appendix 1 and plotted in Figures 
3,7, and 16. However, the technical error noted above resulted in very variable data that is not 
possible to assess. 

LABORATORY 2010 

This laboratory quantitated their result for Benzo(k)fluoranthene based on their standard for 
Benzo(b)fluoranthene. 

The results demonstrate variable within-laboratory interanalyte repeatability (Figure 17). Most 
paired data points are within the precision limits. Several points are outside the limits, reflecting 
several problem parameters discussed below. The majority of data pairs are within a radius of 
±30%, indicating variable interanalyte performance. However several parameters have very 
variable performance. 

The results demonstrated good recovery relative to the design value for most parameters. A 
low result was reponed for 2,4-Dinitrotoluene in Sample EXTB. Benzylbutylphthalate was 
under-recovered in both samples. Fluoranthene and Pyrcne were over-recovered in Sample 
EXTC. However niost results ranged from 80-120% recovery. The main cluster of data pairs 
is centred at approximately 1 10%, demonstrating satisfactory interanalyte recovery. However 
there are some parameters that demonstrate a high bias, particularly for Sample EXTC. There 
are also a few parameters tiiat demonstrate a very low bias for Sample EXTB. 
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A slight pattern of increased recovery of parameters eluting in the middle third of the scan is 
demonstrated by both samples (Figures 3 and 7). Since temperature programs for the gas 
chromatograph are consistent at this point, and the pattern does not continue through to the end 
of the scan, tfiis variability is probably due to a difference in the calibration standard used by 
this laboratory compared to the spiking material. 

This laboratory's results were biased slightly high compared to the interlaboratory mean and 
median. While many parameters were within one standard deviation, more parameters were 
within two standard deviations of the interlaboratory mean and median. However this laboratory 
demonstrated better agreement with the design values than did most other participants. 

LABORATORY 2011 

The results demonstrated consistent within-laboratory interanalyte repeatability (Figure 18). 
Only two data points were just outside the lower precision limit The unusual groupings of the 
data pairs is due to the rounding of results as reported by this laboratory. If the results included 
one more significant figure, the plot would have a more typical scatter of the results. The results 
are approximately grouped in a radius of ±20%, demonstrating satisfactory interanalyte vari- 
ability. 

This laboratory demonstrated good recovery relative to the design values. Most results were 
between 70-100%, with four results greater than 100%, but less than 120%. 2,4-Dinitrotoluene 
was under-recovered in Sample EXTB (33%) and Fluorcne was under-recovered in sample 
EXTC (48%). 

The unusual grouping of results noted above makes it difficult to determine the central grouping 
of the results. The centre of the data appears to be approximately 95% for Sample EXTB (Figure 
18), indicating satisfactory interanalyte recovery for the low spike. The centre of the data for 
Sample EXTC appears to be approximately 80%, indicating a slight low bias for the high spike. 

The results across the scan do not display any pattern (Figures 4 and 8). This laboratory had 
consistent results across the scan except for 2,4-Dinitrotoluene as noted above. 

All of this laboratory's results were within one standard deviation of the interlaboratory mean 
and median. Many of the results were on the high side of die mean and median, except for 
2,4-Dinitrotoluene. The results demonstrate closer agreement with the design values for most 
parameters than that achieved by most of the other participants. 

LABORATORY 2012 

The results firom this laboratory demonstrate very good precision for many of the parameters 
but variable precision for several others (Figure 19). While most data pairs are within the 
precision limits, the data has considerable spread along the line for the low spike, Sample EXTB . 
The data are clustered within a radius of ±20% for the high spike (Sample EXTC), demonstrating 
satisfactory interanalyte variability. However the radius of result for Sample EXTB (low spike) 
is ±30%, indicating variable interanalyte performance. There is one extreme outlier discussed 
below. 
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The results demonstrated a constant level of recovery relative to the design value for most 
parameters. The percent recovery for most parameters was between 50-80% (Table 2, Appendix 
1 ). The data pairs (Figure 1 9) arc centred around approximately 60% for both samples, indicating 
a low bias. These results suggest that the calibration standard for this laboratory is more con- 
centrated than the design value, resulting in the low bias. 

Bis(2-ethylhexyl)phthalate was over-recovered in both EXTB and EXTC. A value of 3.1 ppb 
was reported in the blank (Sample EXTA). Laboratory 2012 included the results for their own 
lab blank with the interlaboratory study results. It had a level of 9.5 ppb for Bis(2- 
ethylhexyl)phthalate. This is a common laboratory contaminant as phthalates are used as 
plasticizers. This laboratory appears to be aware of its problem with this contaminant. 

The results across the scan demonstrated a pattern of decreasing recovery for the parameters 
eluting at the end of the scan for Sample EXTB (Figure 4). The same pattern was not dem- 
onstrated for Sample EXTC. In Sample EXTC (Figure 8), the parameters eluting at the beginning 
of the scan demonstrated a pattern of increasing recovery. There is no obvious explanation as 
to why there would be two different pattems for the two different spiking levels. This difference 
in pattern contributes to the greater spread in the precision of results for EXTB noted above and 
demonstrated in Figure 19. 

Almost all of this laboratory's results were within one standard deviation of the interlaboratory 
mean and median. The results for Bis(2-ethylhexyl)phthalate were greater than the mean and 
median due to the contamination noted above. The results for Naphthalene and Bis(2- 
chloroethyl)ether were lower than the interlaboratory mean and median by more than one 
standard deviation, but were within two standard deviations. 

LABORATORY 2013 

The results from this laboratory demonstrate consistent within-laboratory interanalyte repeat- 
ability (Figure 20) for most parameters. Several parameters were just outside the upper precision 
limits. The one extreme point reflects the problems with the results for Fluoranthenc discussed 
below. Most of the data points are clustered within a radius of ±20%, indicating satisfactory 
interanalyte variability. 

The results demonstrated a constant level of recovery relative to the design value for most 
parameters. Recovery ranged from 70-1 10% for most parameters. Three parameters appeared 
to be more difficult to analyze by the laboratory. 2,6-Diniirotoluene and Fluorenc were 
under-recovered in botii Samples EXTB and EXTC. Ruoranthene was under-recovered in 
Sample EXTB (20%) but was over-recovered in Sample EXTC (143%). A small amount of 
Bis(2-ethylhexyl)phthalate and Di-n-butylphthalaie were reported in the blank sample (EXTA). 
While the low spike (EXTB) may also have been contaminated with these two compounds, this 
effect did not occur in the high spike (EXTC). Phthalates are common laboratory contaminants 
due to their use as plasticizers. 

The cluster of the data pairs is centred at 85% for Sample EXTB (low spike). This indicates a 
slight low bias (Figure 20). However the cluster of data pairs is centred at 90% for the high 
spike (EXTC), indicating satisfactory interanalyte recovery. This suggest that this laboratory's 
method is not quite as effective for low-level samples. 

The results across the scan do not demonstrate any pattems (Figures 4 and 8). This laboratory 
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had consistent results across the scan except for the problem parameters noted above. 

Most of this laboratory's results were within one standard deviation of the interlaboratory mean 
and median, except for Fluorene and Fluoranthene in Sample EXTB, and Fluoranthene and 
2,4-DinitrotQluene in Sample EXTC. 



5.2 Acid Extractables (MISA Group 20) 

OVERVIEW OF INTERLABORATORY PERFORMANCE 

The graphical representation of the results arranged in elution order (Figures 26-22) indicate 
that the parameters in this scan are more difficult to analyze. The various laboratories dem- 
onstrate variable performance, with some labs performing consistently across the scan, while 
others demonstrate patterns of increasing or decreasing recovery, based on gas chromatograph 
elution order. With only two samples from each participant, it is not possible to determine if 
the laboratory's extraction procedure or the temperature program of the gas chromatograph 
caused the varying pattern of recoveries of the parameters across the scan. 

The interlaboratory mean for all parameters, except for 4-Chloro-3-methylphenol in EXTB, and 
4,6-Dinitro-o-Cresol and Pentachlorophenol in EXTC, was lower than the design value. For 
Sample EXTB the interlaboratory mean was 0.68-4. 1 3 ppb lower than the design value ( 11-69% 
lower). For Sample EXTC the interlaboratory mean was 0.04-9.43 ppb lower than the design 
value (0.2-45% lower). 

The interlaboratory median was lower than the design value for all parameters in both samples. 
For Sample EXTB the interlaboratory median was 1.0-4.7 ppb lower than the design value 
(17-78% lower). For Sample EXTC the interlaboratory median was 0.7-13.15 ppb lower than 
the design value (3-63% lower). 

Some of the participants exhibited a low bias relative to the design value and to the interlaboratory 
mean and median. This was particularly noticeable for Laboratory 2006 and 2007. However, 
some of the participants had improved performance in the high spike (EXTC) as compared to 
the low spike (EXTB). This suggests that the extraction procedures used by these laboratories 
are not as efficient for higher level samples. 

None of the participants demonstrated an overall high bias relative to the design values, except 
for some individuaJ parameters. There were no false positives or evidence of laboratory con- 
tamination in the unspiked sample (EXTA). 

Some individual parameters were over- or under-recovered by different participants, but there 
were no trends for specific parameters. There was more variability in the results for the MISA 
Group 20 scan than for the other two scans in this interlaboratory study. This increased variability 
makes it difficult to determine if the differences among the laboratories are due to differences 
in standards or differences in analytical methods. 

The Youden two-sample plots for each individual laboratory (Figures 27-38) demonstrate that 
approximately 60% of the laboratories are able to maintain within-laboratory interanalyte 
variability of ±20%. Individual parameters may be a problem for an individual laboratory. Most 
of the graphs demonstrate a systemic bias across the scan as evidenced by the spread of the data 
pairs along the line of target precision. 

Due to the large number of parameters included in MISA Group 20, this report does not attempt 
to assess the between-laboratory performance of individual parameters. With only two spiked 



samples analyzed by each participant, there is insufficient data to assess the analytical char- 
acteristics of each parameter. Future studies will attempt to assess the analytical characteristics 
of individual parameters by submitting more samples to the participants and including duplicate 
analyses- 

The following sections review individual laboratory performance. Performance was assessed 
according to within-laboratory interanalyte repeatability), percent recovery relative to the design 
value (interanalyte bias), performance across the scan, and percent recovery relative to the 
interlaboratory mean and median. 

LABORATORY 20ni 

The samples for this scan were analyzed using GC/MS. This laboratory did not detect 
2,3,5-Trichlorophenol in both of the spiked samples. However they did report detecting 
2,3,4-Trichlorophenol in the correct range that was spiked in the samples. These two isomers 
elute close together from the gas chromatograph, and this laboratory may have identified the 
wrong isomer. The spiking level of 4,6-Dinitro-o-Crcsol in both samples was below the detection 
limit of this laboratory. The spiking level of 2,4-Dimethylphenol in Sample EXTB was also 
below the detection limit of this laboratory. 

The results from this laboratory demonstrate satisfactory within-laboratory interanalyte 
repeatability (Figure 27). The majority of the paired results are within the precision limits, with 
only two results just outside the precision limits. However the interanalyte performance is very 
variable as the data are spread across an area with a radius of greater than ±30%. 

The results from this laboratory demonstrated consistent recovery relative to the design value 
for most parameters, except for specific parameters noted above. The percent recovery for most 
parameters was between 80-120% (Table 2, Appendix 1). However there is no easily distin- 
guished cluster of results, so it is difficult to assess a ranking for interanalyte recovery. Some 
parameters have a slight low bias and others have a slight high bias. 

The performance across the first half of the scan is consistent for both the low and high spikes 
(Figures 21 and 24, Appendix 1). A slight decrease in recovery for the parameters eluting during 
the final third of the scan is noted for both samples. 

Laboratory 2001 's results were generally close to, or higher, than the interlaboratory mean and 
median, except for 2,3,5-Trichlorophenol and 4,5-Dinitro-o-Cresol, as noted above. Several 
parameters in both samples differed from the interlaboratory mean by more than one standard 
deviation (Table 1, Appendix 1). However, the results were within one standard deviation of 
the target value. 

LABORATORY 2002 

This laboratory reported a combined result for 2,3.4,5-Tetrachlorophenol, 2,3,4,6-Tetrachlo- 
rophenol, and 2,3,5,6-Tetrachlorophenol. The total result was evenly divided between the three 
isomers for the purposes of statistical calculations. They also did not detect 
2,3,5-Trichlorophenol in the two spiked samples. However they did report detecting 
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2,3,4-Trichlorophenol in the correct range that was spiked in the samples. These two isomers 
elute close together from the gas chromatograph, and this laboratory may have identified the 
wrong isomer. 

The results demonstrated consistent within-laboratory interanalyte repeatability (Figure 28). 
The majority of results are close to the line of target precision. The one outlying point reflects 
a problem parameter (2,4-Dichlorophenol) discussed below. There are two groups of parameters 
evident in Figure 28. One group displays excellent interanalyte precision, with a the cluster of 
results having a radius of ±10%. The second group of parameters is clustered with a radius of 
±20%, demonstrating satisfactory interanalyte precision. 

This laboratory demonstrated a constant level of recovery relative to the design value for most 
parameters. The majority of parameters had recoveries between 50-80% for both spiked samples 
(Table 2, Appendix 1). One parameter was over-recovered in Sample EXTB, 2,4-Dichloro- 
phenol. This may be due to random unidentified laboratory contamination, as the results for 
Sample EXTC were not affected. The results group into two clusters as noted above. One 
cluster is centred on 80% and demonstrates a slight low bias. The other cluster is centred on 
approximately 50%, demonstrating a low bias. The low bias relative to the design value may 
be due to a difference in standard between this laboratory and the spiking material. 

The results across the scan are consistent and do not demonstrate any patterns (Figures 21 and 
24). Problem parameters were noted above. 

The problem parameter noted above differed from the interlaboratory mean by more than the 
standard deviation. The other results were within one standard deviation of the interlaboratory 
mean and median. 

LABORATORY 200^ 

This laboratory did not detect 2,3,5-TrichlorophenoI in both spiked samples. 

This laboratory had fairly consistent within-laboratory interanalyte repeatability (Figure 29). 
Only two parameters were outside the precision limits of ±20%. However there is considerable 
variation in interanalyte precision. The results arc spread in an area witii a radius greater than 
±30%, demonstrating very variable performance. 

The majority of the results from this laboratory demonstrated recoveries between 40-60%, 
relative to the design value. Pentachlorophenol was slightiy over-recovered in the high spike 
(Sample EXTC), relative to the design value. This may be due to random laboratory contam- 
ination, as the results for Sample EXTB were not affected. 4-Nitiophenol appeared to be more 
a difficult parameter for this laboratory to analyze, as the recoveries in samples EXTB and 
EXTC were 28% and 36%, respectively. The results arc centred at approximately 50%, dem- 
onstrating a low bias low relative to the design value. This may be due to a difference in standards 
between this laboratory and the spiking material. 

There was no pattern in the results across the scan for both samples (Figures 21 and 24). 

Most of the results from this laboratory were low relative to the interlaboratory mean and median. 
Most of the results were within one standard deviation of die mean. The results appeared more 



variable compared to the interlaboratory median, due to the variability of the interlaboratory 
median compared to the target value. 

LABORATORY 2004 

This laboratory reported a combined result for 2,3,4,5-TetrachIorophenol and 2,3,4,6-Te- 
trachlorophenol. The total result was divided between the two isomers for statistical purposes. 

The results from this laboratory demonstrates problems regarding within-laboratory interanalyte 
repeatability (Figure 30). All the data pairs are outside the precision limits. This laboratory's 
results are very variable. The spread of the data points above the upper precision limit indicates 
problems with Sample EXTB (low spike), discussed below. 

This laboratory did not detect Phenol, 4-NitrophenoI, and 4,6-Dinitro-o-Cresol in Sample EXTB 
(low spike). In Sample EXTB 2,3,5-Trichlorophenoi was under-recovered ( 1 5%), but in Sample 
EXTC a result giving 140% recovery was reported. A similar effect was noted for 
2,4,6-Trichlorophenol. These results suggest that the extraction method used by this laboratory 
is not as sensitive for low-level samples. Their overall results were variable relative to the 
design value. This laboratory didnote in their report that they did not correct for percent recovery 
for 4-Nitrophenol. 

There is no clustering of the data pairs from this laboratory (Figure 30), therefore it is not possible 
to rank the interanalyte variability or to rank the interanalyte recovery. 

The results across the scan do not demonstrate any pattern (Figures 21 and 24), dispite the 
precision problems noted above. Individual problem parameters were mentioned above. 

The results are variable compared to the interlaboratory mean and median. Some parameters 
are higher than the mean and median, and some parameters are lower. Many of the results 
differ by more than one standard deviation from the mean or the median. This reflects the very 
variable performance of this laboratory. 

LABORATORY 2005 

The results from this laboratory demonstrate problems with regard to within-laboratory inter- 
analyte repeatability (Figure 31). Some of parameters are within the precision limits, but many 
of the paired data points are outside the limits, on the high side. The low recovery from Sample 
EXTB causing the shift for may of the data pairs, suggests that this laboratory's method is less 
sensitive to low-level samples. This laboratory's interanalyte performance is very variable. 

This laboratory's results were variable relative to the design value, with a tendency to be biased 
low. This was more noticeable in the low spike (Sample EXTB) than the high spike (Sample 
EXTC). Laboratory 2005 did not report any results for p-Cresol. They did not detect 
2,3,5-Trichlorophenol in either of the spiked samples. However they did repon detecting 
2,3,4-Trichlorophenol in the correct range that was spiked in the samples. These two isomers 
elute close together from the gas chromatograph, and this laboratory may have identified the 
wrong isomer. They over-recovered 2,3,4,5-Tetrachlorophenol, 2,3,4,6-Tetrachlorophenol, and 
2,3,4,5-Tetrachlorophenol in Sample EXTC (high spike). However the data pairs do not form 
a cluster and therefore it is not possible to assign a rank for interanalyte recovery. 
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The results demonstrate a slight pattern of increasing recovery across the scan, except for 
4,6-Dinitro-o-Cresol and Pentachlorophenol. This pattern is more marked in the high spike 
(EXTC, Figure 25) than the low spike (EXTB, Figure 22). 

This laboratory's results were variable relative to the inierlaboratory mean and median, with 
some parameters higher and some parameters lower. However, all the results were within one 
standard deviation of the interlaboratory mean and median, except for the three Tetrachloro- 
phenols noted above for Sample EXTC. 

LABORATORY 2006 

The results from this laboratory demonstrate satisfactory within -laboratory interanalyte 
repeatability for most of the parameters (Figure 32) in this scan. Two parameters are just outside 
the upper precision limiL The interanalyte performance is satisfactory for the central group of 
parameters within a radius of ±20%. However there is a group of parameters that were not 
detected in the low spike (EXTB) that demonstrate variable performance. 

The results from this laboratory were biased low relative to the design value. Recoveries ranged 
from 20-60% in both samples for most parameters. The spiking level of 4,6-Dinitro-o-Cresol 
in Sample EXTB was below this laboratory's detection limit They did not detect 2,4-Dime- 
thylphenol, 2-Chlorophenol, 4-Nitrophenol, and Phenol in the low spike (EXTB). 
2,3,5,6-Tetrachlorophenol was over-recovered in Sample EXTC. 4,6-Diniiro-o-Cresol was not 
detected in the high spike (EXTC). 

The data forms two groups (Figure 32). One group of data is clustered around 50%, and 
demonstrates a low bias. The second group of data is on the vertical axis due to non-detection 
in sample EXTB. This interanalyte recovery for these parameters indicates a very low bias. 

The results across the scan display a slight pattern of increasing recovery across the scan. This 
is more evident in the high spike (Figure 25) than for the low spike (Figure 22). 

This laboratory's results were biased low relative to the interlaboratory mean and median. The 
results for the low spike were within one standard deviation of the interlaboratory mean and 
median. Most of the results for the high spike differed from the interlaboratory mean and median 
by more than one standard deviation. The combination of being biased low relative to the design 
values and to the interlaboratory mean and median, suggests xhat the calibration standard of this 
laboratory is inaccurate. This laboratory's standard appears to be too concentrated, resulting 
in the low bias for the sample results. 

LABORATORY 2007 

This laboratory did not have standards available to repon results for 2,4-Dimethylphenol, 
2-Chlorophenol, and Phenol. They also noted that they were waiting to receive a new chloro- 
phenol standard. This had not arrived in time for the analysis of the interlaboratory study, 
therefore they calibrated their instrument using an old standard. They noted that any inaccuracies 
in their results should be attributed to this problem. 
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The results demonstrate good within-laboratory interanalyte repeatability (Figvire 33) for this 
scan. All of the data pairs are within the precision limits. The interanalyte performance is 
variable, as the results are within a radius of ±30%. 

The results were biased low relative to the design value. This may be attributed to the old 
calibration standard used by this laboratory as noted above. The cluster of data pairs are centred 
at about 55%. 

The results across the scan do not display any pattern. This laboratory had consistent results 
across the scan (Figures 22 and 25). 

Many of this laboratory's results were biased low relative to the interlaboratory mean and 
median. This was more pronounced for Sample EXTC. The combination of being biased low 
relative to the design values and to the interlaboratory mean and median, supports the concern 
expressed by Laboratory 2007, that their calibration standard is inaccurate. This laboratory's 
standard appears to be too concentrated, resulting in the low bias for the sample results. 

LABORATORY 200S 

Laboratory 2008 added a note to qualify all of their data. A technicial error occurred during 
the extraction of the samples, with excess derivatizing reagent being added to the samples. The 
chromatography was significandy affected, with both peak shape and retention rimes altered. 
There was insufficient sample to repeat the extraction. 

The results from this laboratory were included in the tables in Appendix 1 and plotted in Figures 
22, 25, and 34. However due to the technical error noted above, the results are very variable 
and it is not possible to assess the performance of this laboratory. 

LABORATORY 2010 

This laboratory did not detect 2,3,5-Trichlorophenol in both of the spiked samples. However 
they did report detecting a different trichlorophenol in the correct range that was spiked in the 
samples. This isomer was quantitated as 2,3 ,5 -Trichlorophenol. 

The results demonstrate a problem regarding within-laboratory interanalyte repeatability (Figure 
35). All of the paired data points are outside the precision limits. The results reflect a high bias 
in the values for Sample EXTC. There is also considerable spread along the line with no 
clustering of the data pairs, reflecting very variable interanalyte performance. 

The results demonstrated variable recovery relative to the design value for most parameters. 
Except for 2,4-Dimethylphenol, all the results in the low spike (EXTB) were low, relative to 
the design value. In the high spike (EXTC), all the results were high relative to the design value, 
except for Phenol and 2,3,5,6-Tetrachlorophenol. There is no clustering of the data pairs, so it 
is not possible to rank the interanalyte recovery from this laboratory. 
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A slight pattern of increased recovery of parameters eluting in the middle third of the scan is 
demonstrated by both samples (Figures 23 and 26). Since temperature programs for the gas 
chromatograph are consistent at this point, and the pattern docs not continue Uirough to the end 
of the scan, this variability is probably due to a difference in the calibration standard used by 
this laboratory, compared to the design values. 

This laboratory's results for the high spike (EXTC) were biased high compared to the interla- 
boratory mean and median. Except for 2,4-Dimethylphenol, 4,6-Dinitro-o-Cresol, and 
4-Methyl-3-Methylphenol, all the results differ from the interlaboratory mean and median by 
more than one standard deviation. The results for the low spike are closer to the interlaboratory 
mean and median. Except for the parameters that were not detected in Sample EXTB (noted 
above), the results for the other parameters are within one standard deviation of the mean and 
median. 

L A P R AT0BY 2I1U 

This laboratory did not have a standard for2,3,5-Trichlorophenol. They quantitated the observed 
peak in the samples based on their 2,3,4-Trichlorophenol standard. Their reported result for 
4-Nitrophenol was below their detection limit and only an approximate value. 

The results demonstrated consistent within-laboratory interanalyte repeatability (Figure 36). 
Only two data points were just outside the upper precision limit Howeverthe results demonstrate 
very variable interanalyte performance, as the results are spread across an area with a radius 
greater than ±30%. 

This laboratory demonstrated variable recovery relative to the design values. 2,4-Dimethyl- 
phenol and 2,3,4,5-Tetrachlorophenol were over-recovered in both samples. 2-Chlorophenol 
was also over-recovered in Sample EXTB. Recoveries for the other parameters ranged from 
1 3-95%, relative to the design values. The data pairs do not demonstrate a central cluster. Some 
parameters appear to have a low or very low bias, while others have a slight high bias. 

The results across the scan display a slight pattern of decreasing recovery across the scan (Figures 
23 and 26). This laboratory should check the gas chromatographic conditions to determine a 
possible source for this effect. 

Most of this laboratory's results were within one standard deviation of the interlaboratory mean 
and median. 2,3,4,5-Tetrachlorophenol differed from the interlaboratory mean and median in 
both samples by more than one standard deviation. In Sample EXTC, 2,3,5 ,6-Tctrachlorophenol 
and Pentachlorophenol differed from the mean and median by more than one standard deviation. 

LABORATORY 2012 

This laboratory did not detect 2,3,5-Trichlorophenol in both of the spiked samples. However 
they did report detecting 2,3,4-Trichlorophenol in the correct range that was spiked in the 
samples. These two isomers elute close together from the gas chromatograph, and this laboratory 
may have identified the wrong isomer. 
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The within -laboratory interanalyte repeatability is good for most parameters (Figure 37). Three 
parameters are outside the precision limits. Except for the three parameters, the results dem- 
onstrate satisfactory interanalyte variability, as the results are within a radius of ±20%. 

The results from this laboratory demonstrated good recovery relative to the design value for 
most parameters. The percent recovery for most parameters was between 70-100% (Table 2, 
Appendix 1). 4-Nitrophenol was under-recovered in the high spike (EXTC). 4.6-Dinitro-o- 
Cresol and 4-Nitrophenol were not detected in the low spike (EXTB). Pentachlorophenol was 
over-recovered in the high spike (EXTC). The results are clustered around 85% (Figure 37), 
demonstrating a slight low bias for interanalyte recovery. 

The results across the scan demonstrated a consistent pattern of recovery (Figures 23 and 26), 
with no marked patterns. 

Almost all of this laboratory's results were within one standard deviation of the interlaboratory 
mean and median. The result for Pentachlorophenol was greater than the mean and median by 
more than one standard deviation in Sample EXTB, the result is almost exactly the design value 
(reported = 6.1 ppb, design = 6.0 ppb). The results 4-Nitrophenol also differed from the mean 
and median by more than one standard deviation. 

LABORATORY 2013 

This laboratory did not detect 2,3,5-Trichlorophenol in both of the spiked samples. However 
they did report detecting 2,3,4-Trichlorophenol in the correct range that was spiked in the 
samples. These two isomers elute close together from the gas chromatograph, and this laboratory 
may have identified the wrong isomer. 

The within-laboratory interanalyte repeatability is shifted outside the lower precision limits due 
to the lower recoveries in Sample EXTC (Figure 38). 4,6-Dinitro-o-Cresol was over-recovered 
by a very large amount (see below) and was excluded from Figure 38 so as not to distort the 
scale. The results demonstrate variable interanalyte recovery for Sample EXTB, with most of 
the data pairs within a a radius of ±30%. However for Sample EXTC, the data pairs are spread 
over an area with a radius greater than +30%, demonstrating very variable interanalyte per- 
foimance. 

The results from this laboratory demonstrated variable recovery relative to the design value for 
most parameters. 4,6-Dinitro-o-Cresol was over-recovered by more than a factor of 10 in both 
samples. The results for this parameter from Laboratory 2013 were excluded from the statistical 
calculations due to the extreme difference in results compared to the other panicipants. The 
results for the low spike (EXTB) ranged from 27- 1 83% recovery, with most parameters between 
52-93% recovery, relative to the design value. The results for the high spike (EXTC) ranged 
from 3-143%, with most parameters between 20-81% recovery, relative to the design value. 
The generally lower recovery for the high spike suggests that the extraction efficiency of this 
laboratory's method is not as suitable for high level samples. The data pairs are clustered around 
85% (Figure 38) for the low spike (EXTB), demonstrating a slight low bias for interanalyte 
recovery. However for the high spike (EXTC), the data pairs are clustered around 50%, 
demonstrating a low bias for interanalyte recovery. 
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The results across the scan demonstrate a pattern of increasing recovery (Figures 23 and 26). 
Some adjustments to the gas chromatogram temperature programming may be necessary by 
this laboratory to eliminate this pattern. 

This laboratory's results were variable compared to the interlaboratory mean and median. 
Several parameters were within one standard deviation of the mean and median, but an equal 
number were higher or lower by more than one standard deviation. 
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5.3 Neutral Chlorinated Extractables (MISA Group 23) 

OVERVIEW OF INTERLABORATQRY PERFORMANCE 

The graphical representation of the results arranged in elution order (Figures 39-42) indicate 
that the parameters in the Neutral Chlorinated scan have similar patterns of recovery as the 
Base/Neutral scan (MISA Group 19). Most participants demonstrated patterns of consistent 
recovery across the scan, though Laboratory 2006 did demonstrate a slight pattern of increasing 
recovery. 

The interlaboratory mean for all parameters was lower than the design value. For Sample EXTB 
the interlaboratory mean was 1.81-2.89 ppb lower than the design value (30-48% lower). For 
Sample EXTC the interlaboratory mean was 6. 12- 10.06 ppb lower than the design value (29-48% 
lower). 

The interlaboratory median was lower than the design value for all parameters in both samples. 
For Sample EXTB the interlaboratory median was 1.65-2.65 ppb lower than the design value 
(28-44% lower). For Sample EXTC the interlaboratory median was 4.65-1 1.6 ppb lower than 
the design value (22-55% lower). 

Mostof the participants exhibited a low bias relative to the design value and to the interlaboratory 
mean and median. However the difference from the interlaboratory mean and median was not 
as pronounced as the difference fronn the design value. 

None of the participants demonstrated an overall high bias relative to the design values, except 
for some individual parameters. However Laboratory 2002 and 2005 were high compared to 
the interlaboratory mean and median, but had very good agreement with the design values. The 
results suggest that the differences among the laboratories is primarily due to differences in 
standards for the MISA Test Group. 

Only one laboratory, 2001, detected any of the parameters in this scan in the unspiked sample 
(EXTA). The levels were very low and do not appear to be a contamination problem. 

Some individual parameters were over- or under-recovered by different participants, but there 
were no trends for specific parameters. 

The Youden two-sample plots for each individual laboratory (Figures 43-52) demonstrate that 
approximately 60% of the laboratories arc able to maintain within-laboratory interanalyte 
variability of ±20%. Individual parameters may be a problem for an individual laboratory. 
Several of the graphs demonstrate a systemic bias across the scan as evidenced by the spread 
of the data pairs along the line of target precision. 

Most of the parameters included in MISA Group 23 have not been included in any previous 
interlaboratory studies conducted by the Quality Assurance Office, LSB. Therefore this report 
does not attempt to assess the between -laboratory performance of individual parameters. With 
only two spiked samples analyzed by each participant, there is insufficient data to assess the 
analytical characteristics of each parameter. Future studies will attempt to assess the analytical 
characteristics of individual parameters by submitting more samples to the participants and 
including duplicate analyses. 
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The following sections review individual laboratoiy performance. Performance was assessed 
according to within-laboratory interanalyte repeatability, percent recovery relative to the design 
value (interanalyte bias), performance across the scan, and percent recovery relative to the 
interlaboratory mean and median. 

LABORATORY 2001 

The samples for this scan were analyzed using GCVECD. There were low levels of Hexach- 
lorobenzene, Hexachloroe thane, and Hexachlorobutadiene reponed in the blank sample, EXTA. 

The results demonstrate some problems with within-laboratory interanalyte repeatability (Figure 
43). The results are outside the upper precision limits, due to the low recovery of Sample EXTB. 
The interanalyte performance is very variable, as the data pairs are spread along an area greater 
than ±30%. 

The results from this laboratory were low relative to the design value for all parameters. This 
was more pronounced in the low spike (EXTB) than the high spike (EXTC). lliey did not detect 
1 ,2,4-Trichlorobenzene in both of the spiked samples. The percent recovery for most parameters 
was between 12-63% for EXTB (Table 6, Appendix 1). For Sample EXTC the recovery ranged 
between 33-90%. The results suggest that the extraction procedure used by this laboratory is 
not as effective for low-level samples. There is not a distinct clustering of the results (Figure 
43), but the results are generally centred around 40%, demonstrating a very low bias for 
interanalyte recovery. 

The performance across the scan is similar for both the low and high spikes (Figures 39 and 
41). There is a slight tendency towards increasing recovery towards the end of the scan. 

Laboratory 2001 demonstrated variable performance relative to the interlaboratory mean and 
median. Several parameters were lower than the mean and median by more than one standard 
deviation. 

I,ABQRATOHY?002 

The results from this laboratory demonstrate satisfactory within-laboratory interanalyte 
rep>eatability (Figure 44). The majority of results arc close to the line of target precision and 
within a radius of ±20%. Two parameters were just outside the lower precision limit 

This laboratory demonstrated good recovery relative to the design value for most parameters. 
The majority of parameters had recoveries between 70-110% for both spiked samples (Table 
6, Appendix 1). The results are centred on 100%, demonstrating excellent interanalyte recovery. 

The results across the scan arc consistent and do not demonstrate any patterns (Figures 39 and 
41). 

This laboratory's results were biased high compared to the interlaboratory mean and median. 
Most of the results were greater than the interlaboratory mean and median by more than one 
standard deviation. However this laboratory's results were within one standard deviation of the 
design values for both samples. 
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LABORATORY 2003 

This laboratory analyzed the full scan for MISA Group 23 using GC/ECD. Three parameters, 
Hcxachlorobenzenc, Hexachloroethane, and Hexachlorobutadiene, were also pan of the GC/MS 
scan for MISA Group 19, and a second set of values was reponed for these parameters. The 
results from the GC/ECD analysis were used for the interlaboratory statistical calculations and 
for the graphs, as this is the analytical techniques used by this laboratory for MISA samples. 
The GQMS results are provided for infonmation only. 

The results demonstrate consistent within-laboratory interanalyte repeatability (Figure 45). All 
the paired results were within the precision limits. However the results are spread across an 
area of ±30%, indicating variable interanalyte performance. 

The majority of the results from this laboratory were low relative to the design value. Recoveries 
ranged between 22-89%. The group of data pairs are approximately centred around 50%, 
indicating a low bias for interanalyte recovery. 

The performance across the scan is similar for both the low and high spikes (Figures 39 and 
41). The results are generally consistent across the scan and demonstrate no marked patterns. 

Laboratory 2003 was biased low relative to the interlaboratory mean and median. However 
most parameters were within one standard deviation of the mean and median. 

LABORATORY 2004 

The results for Hexachlorobutadiene and Hexachloroethane in Sample EXTB were qualified 
with the remark 'Trace". The laboratory's MDL's were not available for these parameters. The 
results were included with the interlaboratory statistical calculations and the graphs, but should 
be treated with caution. 

The results from this laboratory demonstrate an unusual pattern with regard to within -laboratory 
interanalyte repeatability (Figure 46). Most data pairs are within the precision limits. However, 
there are problems with interanalyte variability, as the data points are grouped in pairs of 
parameters spread quite far apan. The data are spread over a range of greater than ±30%, 
demonstrating very variable performance. 

This laboratory's results were variable relative to the design value, particularly for the high 
spike (EXTC). Excluding the two parameters noted above, the recoveries in Sample EXTB 
were between 17-65%. The recoveries in Sample EXTC were between 20-99%. It is difficult 
to determine if the low bias is due to a difference in standards or due to problems with the 
extraction procedure used by this laboratory. The results do not form a central cluster (Figure 
46), so it is difficult to rank the interanalyte recovery. Three parameters demonstrate a slight 
low bias but the other four parameters demonstrate a very low bias. 

The results across the scan are variable, but do not demonstrate any specific pattern (Figures 
39 and 41). 
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The results for this laboratory were low compared to the interlaboratory mean and median, 
except for Hexachlorobenzene, Hexachlorobutadiene, and Hexachloroethane in Sample EXTC. 
Several of the parameters were lower than the interlaboratory mean and median by more than 
one standard deviation. 

LABORATORY 2005 

The results demonstrate good within-laboratory interanalyte repeatability (Figure 47). The 
interanalyte performance is satisfactory as the results are spread within an area of ±20%. 

This laboratory's results were good relative to the design value. Only Hexachlorobenzene had 
recoveries over 100%, but they were less than 120%. Most recoveries ranged between 70-94%. 
The data pairs clustered around 85% (Figure 47) indicating a slight low bias relative to the 
design value. 

The results across the scan demonstrates a slight pattern of increasing recovery (Figures 39 and 
41). Some adjustments to the gas chromatograph temperature program may eliminate this 
problem. 

This laboratory's results were consistent relative to the interlaboratory mean and median. Only 
Hexachlorobenzene differed by more than one standard deviation than the interlaboratory mean 
and median. 

LABORATORY 2006 

The results demonstrate good within-laboratory interanalyte repeatability (Figure 48), as all the 
data pairs are within the precision limits. However the data pairs are spread over an area greater 
than ±30%, indicating very variable interanalyte performance. 

The results from this laboratory were biased low relative to the design value. Recoveries ranged 
from 16-55% in both samples, with only one parameter, 1, 2,4,5 -Tetrachlorobenzene, having a 
recovery of 80% in both samples. There is no central cluster of data pairs, so it is not possible 
to rank the interanalyte recovery, though all the results demonstrate varying degrees of low bias. 

The results across the scan do not display any pattern (Figures 39 and 41). Except for 
1,2,4,5-Tetrachlorobenzene noted above, this laboratory had consistent results across the scan. 

This laboratory's results were biased low relative to the interlaboratory mean and median, except 
for l,2,3,4-Tetrachloroben2ene and 1,2,4 ,5 -Tetrachlorobenzene. The combination of being 
biased low relative to the design values and to the interlaboratory mean and median, suggests 
that the calibration standard of this laboratory is inaccurate. This laboratory's standard appears 
to be too concentrated, resulting in the low bias for the sample results. 
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LABORATORY 2007 

The results from this laboratory demonstrate a bias regarding the within-laboratory interanalyte 
repeatability (Figure 49). The majority of data points are grouped together within a range of 
±10%. This appear to indicate excellent interanalyte variability, but the cluster of results are 
shifted away from the target precision line by the under-recovery of sample EXTC. This problem 
may be due to the laboratory's method extraction efficiency (Hscusscd below. 

This laboratory ' s results are biased low relative to the design value. This was more pronounced 
for Sample EXTC (High Spike), which had most recoveries ranging from 40-50%. Most of the 
results for Sample EXTB were between 60-75%. The cluster of data points are centred around 
75% for EXTB (Figure 49), which indicates a slight low bias for this sample. However the data 
points are centred around 40% for EXTC (High Spike), indicating a very low bias. 

The results across the scan do not display any marked pattern (Figures 40 and 42). This laboratory 
had consistent results across the scan, though at different levels of recovery for the two samples. 

This laboratory's results have very good agreement with the interlaboratory mean and median 
for the low spike (EXTB). However, their results were biased low relative to the interlaboratory 
mean and median for the high spike (EXTC). 

The lower recovery of the high spike (Sample EXTC) compared to the low spike (Sample EXTB) 
suggests that this laboratory's extraction procedure may not be as efficient when higher levels 
of the target parameters arc present. 

LABORATORY 200S 

Laboratory 2008 added a note to qualify all of their data. A technicial error occurred during 
the extraction of the samples, with excess derivatizing reagent being added to the samples. The 
chromatography was significantly affected, with both peak shape and retention times altered. 
There was insufficient sample to repeat the extraction. 

This laboratory also noted that there had been an error when the samples had been logged into 
their sample tracking system. A separate analysis is required for MISA Group 23, which they 
were unable to perform for this interlaboratory study, due to sample size limitations. 

Due to the problems noted above, it is not possible to assess the performance for this laboratory. 
The results were included in the tables in Appendix 1 and in Figures 40 and 42, but the two 
results do not give aproper indication of this laboratory's performance. A Youden paired-sample 
plot was not prepared for the results from this scan. 

LABORATORY 2010 

The results demonstrate good within-laboratory interanalyte repeatability (Figure 50). All of 
the paired data points arc within the precision limits. The one point that is separated from the 
central group of results reflects the higher recovery of Hexachlorobenzene noted below. The 
central group of results is clustered within aradius of ±10%, demonstrating excellent interanalyte 
variability. 
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This laboratory demonsn-ated consistent recovery relative to the design value for all parameters, 
except Hexachlorobenzene, which had a recovery of 1 10% in both samples. Most results ranged 
from 65-85% recovery. The results are centred around 75% (Figure 50), indicating a slight low 
bias. 

The results demonstrated consistent recovery across the scan (Figures 40 and 42), except for 
Hexachlorobenzene, as noted above. There were no patterns to the results. 

This laboratory's results were within one standard deviation of the interlaboratory mean and 
median. Only the results for Hexachlorobenzene were higher than the interlaboratory mean and 
median by more than one standard deviation. 

LABORATORY 2011 

The initial table of results from this interlaboratory study was distributed to the panicipants on 
September 15, 1989. Laboratory 201 1 was concerned about their low results for this scan and 
cross-checked their results. They determined that there had been a mix-up with the sample 
extracts during instrumental analysis, and therefore had reponed the wrong results for this 
interlaboratory study. They requested that their results for this scan be withdrawn. The original 
results reported by this laboratory are included in Table 5, Appendix 1, but were not included 
in the statistical calculations. Graphs were not prepared of this laboratory's results for this scan. 

LABORATORY 2012 

The within-laboratory interanalyte repeatability is variable due to the two different patterns 
across the scan discussed below. In Figure 51, there is a group of parameters demonstrating 
good precision. Several other parameters are outside the lower precision limit due to the low 
recoveries in Sample EXTC. The interanalyte variability is satisfactory for Sample EXTB (range 
of results within ±20%), but is variable for Sample EXTC (range of results within ±30%). 

The results from this laboratory demonstrated consistent recovery relative to the design value 
for most parameters. The percent recovery for most parameters was between 50-80% (Table 
6). Hexachloroethane and Hexachlorobutadiene had low recoveries in Sample EXTC (23% and 
35% respectively). The results are centred around 75% for Sample EXTB and around 55% for 
Sample EXTC, indicating a low bias. These results suggest that the calibration standard for this 
laboratory is more concentrated than the design value, resulting in the low bias. The generally 
lower recoveries for Sample EXTC also suggest that the extraction procedure used by this 
laboratory may not be as effective for higher level samples. 

The results across the scan are consistent for Sample EXTB (Figure 40). The same pattern was 
not demonstrated for Sample EXTC. In Sample EXTC (Figure 42), there is a pattern of increasing 
recovery across the scan. There is no obvious explanation as to why there would be two different 
patterns for the two different spiking levels. 

All of this laboratory's results were within one standard deviation of the interlaboratory mean 
and median, except for Hexachloroethane in Sample EXTC. There is no tendency to be biased 
high or low. 
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LABORATORY 2013 

The results demonstrate variable within-laboratory interanalyte repeatability (Figure 52). 
Several parameters were outside the upper precision limits. The results demonstrate very 
variable interanalyte performance, as the results are spread across an area greater than ±30%. 

The results from this laboratory demonstrated variable recovery relative to the design value for 
most parameters. Recovery ranged from 33-195% in both samples. Hexachloroethane was 
over-recovered in both samples. There is no central cluster of data pairs for this laboratory 
(Figure 52), so it is not possible to rank the interanalyte recovery. 

The results across the scan demonstrated a similar pattern for both samples (Figures 40 and 42). 
The first three parameters had higher recoveries, while the last four parameters dropped to much 
lower recoveries. This laboratory may wish to check their temperature programming of the gas 
chromatograph to determine if there is a sudden change taking place at the time that the latter 
parameters begin eluting from the column. 

The results for the low spike (EXTB) were within one standard deviation of the interlaboratory 
mean and median, except for Hexachloroethane. In Sample EXTC, the results for Hexachlo- 
roethane, 1,23-Trichlorobenzene, and 1,2,4-Trichlorobenzene were greater than the interlabo- 
ratory mean and median by more than one standard deviation. 
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7 APPENDIX 1 - FULL DATA SET 



Table 1 

Table 2 

Table 3 
Table 4 

Tables 

Table 6 

Figures 1-8 
Figures 9-20 
Figures 21-26 
Figures 27-38 
Figures 39-42 
Figures 43-52 



Base/Nuetral Extractables, Samples EXTA, EXTB, EXTC; Results 
inppb 

Base/Neutral Extractables, Samples EXTA. EXTB, EXTC; Results 
inppb 

Acid Extractables, Samples EXTA, EXTB, EXTC; Results in ppb 

Acid Extractables, Samples EXTB and EXTC; Results expressed as 
Percent Recovery of Design Value 

Neutral Chlorinated Extractables, Samples EXTA, EXTB, andEXTC; 
Results in ppb 

Neutral Chlorinated Extractables, Samples EXTB andEXTC; Results 
Expressed as Percent Recovery of Design Value 

Base/Neutrals Arranged in Order of Elution 

Base/Neutrals Within Laboratory Precision 

Acids Arranged in Order of Elution 

Acids Within Laboratory Precision 

Neutral Chlorinated Arranged in Order of Elution 

Neutral Chlorinated Within Laboratory Precision 



DISTRIBUTED: HHV 2, igss 
SAMPLE PflRHMETERS 



EXTR Rcenaphthene 

EMTR Rnthraccne 

EXTfl Benzo<a>4nt.hracpne 

EXTfl Benzo(a>pijr?np 

EKTH Benzo(b>fluorant.hpnp 

EXTR Benzo(9,h,i >perL|ler>p 

EXTR Bpnzo<l<)f iuoranthen? 

EXTR 2-Chloronaphthalen« 

EXTR Chrysene 

EXTR Dibenzo<a,h) anthracene 

EXTR Fluor anthene 

EXTR Fluorene 

EXTR Naphthalene 

EXTfl Phenanthrene 

EXTR Pyrene 

EXTR Senzijlbutijlphlhalate 

EXTR BisC7-ethL|lheHL|lphthalale> 

EXTR Di-n-butijlphlhalale 

EXTR 1-BronophentjI phenyl ether 

EXTfl 1-chlorophenyl phenyl ether 

EXTfl Bis<2-chloroethyl> ether 

EXTfl a.t-Dinitrotoluene 

EXTR f!,&-Dinitrotoluene 

EXTR Bis(2-chloroethoHy>nethone 

EXTR N~Ni trosodi -n-propylanine 

EXTB ftcenaphthene 

EXTB Anthracene 

EXTB Benzo(a>anthracene 

EXTB Benzo<a>pyrene 

EXTB Benzo<b>f luoranthene 

EXTB Benzc><g,h,i)perylene 

EXTB Benzo<k>fluoranthene 

EXTB Z-Chloronaphthalene 

EXTB Chrysene 

EXTB Diben2o<a,h) anthracene 

EXTB Fluor anthene 

EXTB Fluorene 

EXTB Naphthalene 

EXTB Phenanthrene 

EXTB Pyrene 

EXTB Benzyl butyl phthal ate 

EXTB Bis<2-ethylheHyIphthalate> 

EXTB Di-n-butyl phthal ate 

EXTB t-BroMOphenyl phenyl ether 

EXTB 1-chlorophenyl phpnyl ether 

EXTB 8isC2-chlt>roelhyOether 

EXTB 2,1-Dinilrotr)lijene 

EHTB 2,6 Di ni trotol uene 

EXTB Bis(2-chl or o"?thony Sue thane 

EXTB M-Ni t,rci5aiJi -n-pr opijl dm ne 



TABLE 1 - IHTERLOBORHLORV 5TUDV Rg-5 

BHSE/NEUrRHL EXTRRCrnBLE [IRGflHICS <ni5n r.ROUP 13) 
RESULTS EXPRESSED IN ppb 

fESlGN LfiBORflTORV NUMBER RHNCE 

CppbJ 2001 2002 2003 2001 2005 200E. 2007 2008 2010 2011 2012 2013 UEfiN HEDIHN MIN MRX STD DEU 






« 





a 

6 




















15 




13.59 










3.1 


1-7 































< 0.7 




0.2 








1-2 
















f, 


1.3 




5 


1.7 


3.7 


1.05 


2.19 


3.8 


10 


6.25 


5 


1.6 


1-3 


1-59 


1.5 


1.05 


10 


2.180 


6 


3.7 




1 


3.8 


3.6 


< DL 


1-86 


3.8 


3 


6.61 


5 


5 


1 


1.02 


3.8 


1.86 


6,61 


1.218 


6 


3.1 


1 


,1 


1.3 


1.1 


< DL 


1.13 


1.1 


2.1 


6.12 


6 


3.3 


5 


1.10 


1.1 


1.13 


6.12 


1.112 


f, 


3.2 


3 


.3 


1.3 


1.6 


< DL 


1.11 


1.1 





1.27 


5 


2.7 


1 


3.38 


1 





5 


1.516 


S 


3.7 


1 


.8 n 


1.7 


1.8 


3.56 


1.87 


1.1 


1.05 


X 5.2 


7 


2.9 


5-6 


1.13 


1.55 


1.05 


7 


1.636 


& 


3 


5 


.1 


5.1 


5.1 


< DL 


1.76 


1 





2.67 


1 


2.3 


5.1 


3.57 


1 





5.1 


1.761 


e 


2.8 


1 


.8 X 


S.l 


5.2 


1.38 


1.58 


1.1 


1.05 


X 5.06 KS( 


5 


2,1 


5.3 


3.73 


1.6 


1.05 


6.1 


1.811 


s 





1 


.9 


3.6 


1.1 


1.3 


2.1 


3.6 


11.2 


5,99 


6 


1 


1.1 


1.52 


1.2 





n.2 


2.656 


6 


2.7 


5 


.7 


5.1 


1.7 


3.01 


1.57 


1.1 


1.1 


5.56 


5 


2.5 


5.1 


1.17 


1.55 


1.57 


5.7 


1.375 


6 


3 


1 


.3 


1.5 


5.3 


2.91 


1.15 


1 





1.12 


1 


2.1 


5.3 


3.22 


3.5 





5.3 


1.658 


b 


1.3 




5 


5.9 


5 


5.26 


2.71 


1.1 


3 


8.2 


5 


1.8 


1.2 


1.57 


1.9 


1.2 


8.2 


1.710 


& 


1.3 


S 


.7 


1.7 


5.1 


5.16 


2.29 


1 





6.21 


1 


1.5 


2.3 


1.07 


1.1 





6.21 


1.770 


s 


1.5 


6, 


.7 


1.2 


1 


5.07 


1.91 


3.3 


5.2 


5.72 


7 


1.2 


1.1 


1.85 


1.15 


1.91 


8.7 


1.736 


h 


1.1 


1. 


.8 


1.1 


1.1 


5.06 


2.78 


1.1 


2.1 


7.05 


5 


1.9 


1.6 


1.51 


1,6 


2.1 


7.05 


1.166 


s 


1.3 


5, 


.3 


6.8 


1.9 


0.32 


2.38 


1.1 


2.9 


8.35 


5 


5.3 


5 


1.58 


1.95 


0.32 


8.35 


2.057 


6 


1.2 


1. 


.B 


0.5 





5.12 


1.66 


1.8 


1.1 


2.88 


5 


3. 1 


5.5 


3.22 


3.6 





5.5 


1.872 


6 


1.9 




5 


1.9 


13.3 


5.89 


2.66 


3.9 


1-2 


7.99 


5 


6.8 


7.2 


5.98 


5 


2.66 


13.3 


2.710 


f, 


1.5 


3. 


.9 


2.7 


1.3 


6.12 


2.22 


1.1 





7.19 


6 


5.2 


7.1 


1.29 


1.15 





7.19 


2.261 


F. 


1. 1 


1. 


.8 


1.6 


1.6 


5.95 


2.1 


3.1 


0.1 


6.28 


5 


1.5 


1.7 


1.23 


1.6 


0.1 


6 . 28 


1-577 


f, 


1.1 




5 


1.9 


3.9 


5.13 


2.51 


3.8 


3.2 


6.19 


7 


5 


1.1 


1.66 


1.65 


2.51 


7 


1.277 


t. 


1.7 


h. 


1 


1.8 


3.5 


5. IS 


2.56 


MR 


2.3 


5-91 


6 


1 


1-3 


1.19 


1.7 


2.?i 


f.. 1 


1.315 


h 


3-1 


1. 


3 


2.9 


1.3 


3.59 


0.087 


3.6 





1.51 


2 


2 


5.2 


3.01 


3.5 





5.2 


1.726 


f, 


1. I 


1. 


B 


3.2 


5.6 


3.11 


1.12 


3.2 


3.7 


1.57 


1 


1. 1 


2.3 


3.61 


3.55 


1.32 


"..f. 


1. Iin 


t 


5 


ft. 


9 


'1.7 


5 


5.F.6 


2. 19 


m 


2.5 


5.73 


6 


1 - M 


't.P. 


1 . 91 


5 


2. 19 




1 . HI If. 


f, 


l.'ft 


f.. 


2 


1.2 


1.7 


3.91 


;■ . 1 1 


2.7 


9.5 


F,- 11 


6 


!.1 


I.k: 


i.nn 


1.75 


2. 11 


'),■> 


1.9- 17 



THBLE 1 - I NTERLfiBORflTORV STUDV 89 5 

BH5E/MEUTRHL EXFRRCTRBLE ORGflMICS <MISfi GROUP 19> 
RESULTS EXPRESSED IN ppb 



DISTRIBUTED: MflV 2, 1989 




DESI GN 






LflBORHTORV NUMBER 




















RANGE 




SAMPLE 


PRRnriETERS 




(ppb) 


2001 


2002 


2003 


2001 


2005 


2006 


2007 


2008 


2010 


2011 


2012 


2013 


MERH 


nEDlRN 


MIN 


MHX 


STD DEW 


EXTC 


Rcenophthene 




21 


15 


17 


11 


16.2 


10.9 


7.11 


9.2 


28.5 


23.2 


15 


15.3 


20 


15.98 


15.15 


7.11 


28.5 


5.855 


EXTC 


Hnthrocene 




21 


15 


15-1 


13. B 


16 


0.2 


6.63 


9.2 


8 


26.9 


15 


11.7 


16 


13.01 


11.85 


0.2 


26.9 


6.513 


EXTC 


B^nzo <a5 anthracene 




21 


12 


15.6 


16.2 


23.5 


5.66 


6.28 


11 


17 


20-1 


19 


12.6 


18 


11.75 


15.9 


5.66 


23.5 


5.113 


EKTC 


Benzo (a? pijrene 




21 


13 


12.6 


13.9 


21.8 


< DL 


7.03 


11 





19-1 


16 


13.6 


18 


13.55 


13.6 





21.8 


6.158 


EKTC 


Benzo(b>ri uor anihene 




21 


13 


16 


K 17.9 


28 


18.21 


8.79 


10 


20-5 K 


18-1 


22 


15 


20 


17.33 


18.05 


8.79 


28 


5.291 


EHTC 


B»nzo (g , h , i > per ijl ene 




21 


U 


16.9 


20.9 


26.1 


< DL 


11.03 


11 





18-9 


16 


13.1 


22 


15.20 


16 





26.1 


7.139 


EKTC 


Benzo f t<> f 1 uoran t hene 




21 


12 


16 


M 19.8 


25.8 


13.9 


7.96 


11 


20.6 K 


19-2 


KX 16 


13. G 


20 


16.31 


16 


7.96 


25.8 


1.967 


EHTC 


2-Chl oronaphthal ene 




21 





15.9 


12.6 


20.7 


16.19 


7.63 


8.1 


9.6 


23-2 


18 


11.9 


19 


13.59 


11.25 





23.2 


6.511 


EKTC 


Chrysen* 




21 


12 


18.5 


19.2 


25.9 


18.61 


6.82 


11 


15.2 


16.1 


16 


12 


18 


15.80 


16.2 


6.82 


25.9 


1.926 


EKTC 


Dibenzo(a,h>anthr acene 


21 


11 


15.2 


18.9 


26.2 


16.5 


10.67 


10 





19.2 


17 


11,8 


19 


11.87 


15.85 





26.2 


6.503 


EXTC 


Fluoranlhene 




21 


15 


17.1 


29 


21.5 


20.7 


10.32 


11 


12.1 


31 


15 


17.7 


30 


19.15 


17.1 


10.32 


31 


7.815 


EXTC 


Fluor ene 




21 


15 


11.7 


11.7 


16.5 


20.12 


B.16 


9-6 





21.5 


10 


17.3 


11 


13.17 


11.7 





21.5 


6.309 


EXTC 


Naphthalene 




21 


15 


20.7 


13.8 


20.7 


IB. 05 


6,55 


a 


13.7 


21.7 


21 


10.1 


20 


15.79 


16.5 


6.55 


21.7 


5.398 


EXTC 


Phenanthrene 




21 


15 


17.7 


16.6 


JB,5 


20.09 


9.96 


11 


10.3 


28.9 


11 


18.1 


22 


16.87 


17.15 


9.96 


28.9 


5.129 


EXTC 


Pyrene 




21 


15 


IB 


33.1 


22 


9.11 


8.1 


11 


11 


33.1 


11 


18.5 


18 


17.65 


16.5 


B.I 


33.1 


8.139 


EXTC 


Benzyl buttjl phthal ale 




21 


16 


6 


1.1 


25.6 


23.91 


B.08 


12 


26.6 


10.2 


15 


12 


21 


11.82 


13.5 


1.1 


26.6 


8,081 


EXTC 


Bis<2-ethi)l heHy 1 phtha 


late> 


21 


16 


16.8 


30.5 


21.2 


21.66 


15.27 


8.1 


28.1 


30.1 


15 


19.5 


21 


23.01 


21.1 


8.1 


19.5 


10.712 


EXTC 


Di -n-butyl phthal ate 




21 


15 


13. B 


11.3 


17.3 


22.87 


8.88 


10 


1.1 


22-8 


16 


17.3 


21 


11.78 


15.5 


1.1 


22.87 


6.329 


EXTC 


4-BroMophent^l phenyl 


ether 


21 


15 


17 


15.1 


18.2 


22.88 


9.16 


10 


35-2 


26-5 


15 


17.5 


22 


18.63 


17.25 


9.16 


35.2 


7.217 


EXTC 


l-chl orophenyl phenyl 


ether 21 


15 


17.4 


11.9 


16.8 


20-37 


8.89 


8.1 


7.1 


25.2 


20 


18.1 


21 


16.10 


17.1 


7.1 


25.2 


5.571 


EXTC 


Bis<2-chloroethyl Aether 


21 


15 


23 


15.2 


25.3 


17-01 


9.01 


NR 


11.1 


21.1 


17 


9.6 


21 


16.79 


17 


9.01 


25.3 


5.177 


EXTC 


2 , 1-Di ni t rotol uene 




21 


8.7 


13.1 


15.5 


26.8 


21-37 


1.71 


11 





29.2 


13 


11.2 


27 


15.66 


11.1 





29.2 


9.012 


EXTC 


2 , 6-Di ni t rotol uene 




21 


11 


16.7 


15.3 


25.9 


27.2 


6.89 


13 


11.8 


28.3 


IS 


13.5 


11 


16.38 


13.2 


6.89 


28. 3 


7.005 


EKTC 


Bis<2-chl oroet hoHy) ne 


thane 


21 


16 


20.9 


15.9 


25.9 


21.68 


7.81 


NR 


22.8 


21.5 


17 


10.8 


23 


18.18 


20.9 


7.81 


25.9 


5.537 


EKTC 


N-Ni tr osodi -n-propyl ani ne 


21 


15 


17.8 


12.9 


26.6 


19.75 


8.02 


6 


26.2 


21 


16 


10.3 


23 


16.87 


16.9 


6 


26.6 


6.782 



« Bpn?o<b)fluoranlhene coplutM ui th benzo<l<> f 1 o.jr^nt.he-np. The total result is di..idfH equally belueen both p^rflnf-ters. 
»>! Ouanti laled as Ben2o(b> f 1 uorant hene 

IF THE RESULTS MERE REPORTED fiS <nDL OR NP. UHS ENTEREO IF THE flDL IS LESS THfIN THE SPIKE. OTHEFIUISE. <n[:iL 0..'HLUE IE KNUUN: UfIS EMrERED. 
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FRBLe 2 - INrERLHBORHrORV SniDV 8-3-5 

BflSE/NEUTRRL EKTRHCrHBLE ORGfiNICS 

RESULTS EKPRESSED flS PERCENT RECOyERV OF OESIGM yflLUE 



snnpLE 


PORfinETERs' 


DESIGN 


2001 


2002 


IBUKHI L 

2003 


PKv Mun 
2001 


2005 


2006 


200? 


2008 


2010 


2011 


2012 


2013 


HERN HEDIHN 


RONGE 
tllN MRX STD 


1 DEW 


EXTB 


Hc^nopKlhene 


t. 


727. 


833: 


78Z 


82Z 


18Z 


37Z 


63Z 


167Z 


101Z 


83Z 


002 


722 


777. 


752 


182 


1672 


362 


EXTB 
EXTB 


Hnthrocene 


f. 


f,27. 


87Z 


60Z 


80Z 




31Z 


63Z 


50Z 


llOZ 


83Z 


832 


672 


(,77. 


632 


312 


1102 


202 


Benzo(a> anthracene 


S 


S77. 


737. 


727. 


?3Z 




21Z 


737. 


352 


102Z 


1002 


58Z 


832 


68Z 


732 


212 


1022 


212 


EXTB 


Benzo < a> pyr ene 


6 


53Z 


557. 


727. 


777. 




21Z 


737. 


DZ 


71Z 


832 


15Z 


672 


56Z 


672 


02 


832 


252 


EXTB 
EXTB 


B*nzo<b> f 1 uoranthene 


f. 


623: 


B03:x 


707. 


80Z 


59Z 


31Z 


737. 


18ZK 


8?Z 


117Z 


laz 


932 


692 


762 


182 


1172 


272 


Benzo<g,h,i>perL|lene 


& 


SOZ 


65Z 


90Z 


90Z 




30Z 


6?Z 


OZ 


18Z 


87Z 


382 


90Z 


59Z 


672 


02 


90Z 


292 


EXTB 


Benzo (k) f 1 uoranthen« 


8 


17Z 


eozx 


102Z 


87Z 


23Z 


28Z 


737. 


18ZX 


812KX 


83Z 


352 


882 


62Z 


777. 


182 


102Z 


302 


EXTB 


2- Chi oronapht ha 1 en* 


6 


OZ 


B2Z 


60Z 


?3Z 


727. 


35Z 


80Z 


187Z 


lOOZ 


lOOZ 


67Z 


68Z 


75Z 


707. 


OZ 


187 Z 


112 


EXTB 


Chrifsene 


6 


15Z 


S57. 


90Z 


78Z 


50Z 


26Z 


737. 


737. 


93Z 


83Z 


12Z 


85Z 


702 


7h7. 


26Z 


95Z 


232 


EXTB 


Di benzo <d , h) ant hr acene 


6 


50Z 


727. 


757. 


BBZ 


19Z 


21Z 


S77. 


OZ 


21Z 


6?Z 


10Z 


882 


512 


592 


02 


BBZ 


282 


EXTB 


Fluoranthen« 


6 


72Z 


83Z 


98Z 


B3Z 


88Z 


16Z 


737. 


50Z 


137Z 


832 


80Z 


202 


762 


822 


20Z 


137Z 


292 


EXTB 


Fluorene 


8 


727. 


95Z 


78Z 


90Z 


91Z 


38Z 


67Z 


OZ 


lO^Z 


6?2 


75Z 


382 


682 


71Z 


OZ 


101Z 


29Z 


EXTB 


Naphthalene 


6 


7^7. 


HSZ 


70Z 


8?Z 


B5Z 


32Z 


55Z 


e7Z 


95Z 


1177. 


70Z 


732 


812 


712 


32Z 


115Z 


29Z 


EXTB 


Phenanthren* 


6 


SBZ 


BQZ 


73Z 


737. 


9A7. 


18Z 


?3Z 


10Z 


118Z 


832 


82Z 


eoz 


752 


777. 


102 


IIBZ 


192 


EXTB 


Pyrene 


6 


727. 


BBZ 


113Z 


82Z 


57. 


10Z 


737. 


18Z 


139Z 


832 


8BZ 


832 


762 


83Z 


5Z 


139Z 


312 


EXTB 


Benzyl butgl phthaldie 


& 


707. 


30Z 


8Z 


OZ 


957. 


28Z 


007. 


88Z 


'^97. 


832 


52Z 


92Z 


512 


602 


OZ 


92Z 


312 


EXTB 


Bi s (a-*thyl henyl >phthal at* 


8 


B27. 


63Z 


82Z 


222Z 


9ez 


l-IZ 


85Z 


707. 


1337. 


832 


113Z 


120Z 


1002 


832 


11Z 


2222 


162 


EXTB 


Di -n-butyl phthol ate 


8 


757. 


85Z 


15Z 


32Z 


102Z 


3?Z 


?3Z 


07. 


125Z 


1002 


87Z 


IIBZ 


722 


712 


OZ 


125Z 


382 


EXTB 


1-9ronophenyl phenyl ether 


8 


8B!: 


60Z 


777. 


777. 


99Z 


10Z 


577. 


77. 


105Z 


832 


752 


7BZ 


70Z 


777. 


7Z 


105Z 


262 


EXTB 


1-chloroph*nyl phenyl ether 


6 


737. 


B3Z 


927. 


63Z 


91Z 


12Z 


63Z 


532 


108Z 


1172 


832 


73Z 


78Z 


707. 


12Z 


117Z 


212 


EXTB 


Bi s <2-chl oroethyl >ether 


6 


797. 


102Z 


80Z 


58Z 


B8Z 


13Z 




382 


99Z 


lOOZ 


672 


72Z 


75Z 


707. 


382 


102Z 


222 


EXTB 


2 , 1-Di ni trotol uene 


6 


S77. 


82Z 


lez 


727. 


80Z 


IZ 


6az 


02 


75Z 


332 


332 


87Z 


51Z 


592 


OZ 


87Z 


292 


EXTB 


2,&-Dimtrotol uene 


6 


(,ez 


80Z 


53Z 


93Z 


577. 


227. 


53Z 


622 


7S7. 


672 


522 


38Z 


60Z 


602 


22Z 


93Z 


192 


EXTB 


His <2-chl oroethoHy) nethan* 


8 


B3Z 


118Z 


78Z 


83Z 


91Z 


377. 




122 


96Z 


1002 


652 


80Z 


82Z 


832 


37Z 


1182 


302 


EXTB 


N-Ni trosodi -n-propyl ani ne 


8 


B2Z 


103Z 


70Z 


7ez 


88Z 


38Z 


15Z 


1582 


102Z 


lOOZ 


572 


80Z 


81Z 


792 


36Z 


1582 


322 


ENTC 


Rcenaphthene 


m. 


717. 


aiz 


87Z 


777. 


52Z 


35Z 


tiz 


136Z 


1102 


71Z 


73Z 


95Z 


76Z 


722 


35Z 


136Z 


282 


owe 


Rnihracene 


Zi 


717. 


727. 


88Z 


7^7. 


IZ 


32Z 


tiz 


38Z 


1282 


71Z 


70Z 


762 


62Z 


712 


12 


128Z 


312 


EMrc 


B^nzo <a> anthracene 


21 


577. 


717. 


777. 


112Z 


277. 


30Z 


52Z 


81Z 


962 


90Z 


60Z 


862 


70Z 


762 


272 


112Z 


262 


Exrc 


Benzo (a> pyrene 


21 


B27. 


80Z 


66Z 


118Z 




33Z 


52Z 


OZ 


912 


76Z 


65Z 


862 


652 


652 


02 


IIBZ 


312 


Exrc 


Benzo (b> f 1 uoranthene 


21 


h27. 


76ZK 


85Z 


133Z 


977. 


taz 


18Z 


98ZX 


882 


105Z 


71Z 


952 


832 


862 


122 


1332 


252 


EXTC 


Benzo (g , h , i > p^ryl ene 


21 


52Z 


80Z 


lOOZ 


126Z 




53Z 


52Z 


02 


902 


76Z 


62Z 


1052 


722 


7h7. 


02 


1262 


312 


Exre 


Benzo <k} f 1 uoranthene 


21 


577. 


76ZX 


91Z 


123Z 


66Z 


38Z 


52Z 


9BZK 


91ZKX 


762 


66Z 


952 


782 


762 


38Z 


1232 


212 


EKrc 


2-Chl oronaphthal ene 


21 


07. 


?6Z 


60Z 


99Z 


777. 


36Z 


10Z 


16Z 


llOZ 


862 


57Z 


902 


652 


682 


02 


1102 


312 


Exrc 


Chrysene 


21 


577. 


BBZ 


91Z 


123Z 


89Z 


32Z 


52Z 


?2Z 


?8Z 


76Z 


572 


862 


752 


777. 


322 


1232 


232 


Exre 


t}ibenzo(a,h>anthracene 


21 


527. 


727. 


90Z 


125Z 


7gz 


51Z 


18Z 


OZ 


91Z 


BIZ 


70Z 


902 


712 


7b7. 


02 


1252 


312 


Exrc 


Fluoranthene 


21 


717. 


81Z 


139Z 


102Z 


99Z 


t9Z 


52Z 


582 


162Z 


712 


812 


1132 


932 


832 


192 


1622 


372 


EXTC 


Fluorene 


21 


717. 


70Z 


70Z 


79Z 


96Z 


39Z 


46Z 


OZ 


1177. 


18Z 


822 


522 


612 


702 


02 


1172 


302 


EXTC 


Naphthalene 


21 


717. 


99Z 


66Z 


99Z 


B&Z 


31Z 


38Z 


65Z 


103Z 


lOOZ 


182 


952 


752 


792 


312 


1032 


262 


EXTC 


Phenonthrene 


21 


717. 


BIZ 


79Z 


BBZ 


98Z 


'^77. 


52Z 


19Z 


138Z 


67Z 


8BZ 


105Z 


eoz 


822 


172 


1382 


262 


EXTC 


Pyrene 


21 


717. 


88Z 


159Z 


105Z 


13Z 


10Z 


52Z 


52Z 


159Z 


672 


882 


86Z 


81Z 


792 


102 


1592 


102 


EXTC 


Benzijl butyl phthalate 


21 


7b7. 


29Z 


77. 


122Z 


111Z 


38Z 


577. 


127Z 


t9Z 


712 


572 


lOOZ 


712 


612 


7Z 


1272 


382 


EXTC 


Bi s<2-»thyl heHyl >phthal ate 


21 


7h7. 


80Z 


115Z 


10 IZ 


117Z 


73Z 


10Z 


131Z 


1132 


712 


2362 


lOOZ 


1102 


1012 


102 


2362 


512 


EXTC 


Di -n-butyl phthal ale 


21 


717. 


86Z 


S'lZ 


82Z 


109Z 


12Z 


18Z 


5Z 


1092 


762 


822 


1002 


702 


712 


52 


1092 


302 


EXTC 


1-BroMophenyl phenyl ether 


21 


717. 


BIZ 


727. 


87Z 


I09Z 


14Z 


187. 


168Z 


1262 


712 


83Z 


1052 


892 


822 


112 


1682 


31Z 


EXTC 


1-chlorophenyl phenyl ether 


21 


7\7. 


63Z 


7X7. 


60Z 


377. 


12Z 


10Z 


31Z 


120Z 


952 


86Z 


1002 


772 


B27. 


312 


1202 


27Z 


EXTC 


Bi s <:2-chl oroelhyl >ether 


21 


717. 


IIOZ 


727. 


120Z 


81Z 


f3Z 




53Z 


102Z 


812 


162 


1002 


802 


812 


132 


1202 


262 


EXTC 


2, 1-Dini trotol uene 


21 


M7. 


M7. 


7'K. 


128Z 


lf)2Z 


22Z 


f>77. 


OZ 


139Z 


62Z 


682 


1292 


752 


682 


02 


1392 


13Z 


EXTC 


2,6-Dini Irotoluene 


21 


527. 


80Z 


737. 


t23Z 


130Z 


33Z 


f,27. 


56Z 


1352 


76Z 


612 


522 


782 


692 


332 


1352 


33Z 


EXTC 


Bis<2-chloroet.hoHy>Melhanp 


21 


7i>7. 


ICIOZ 


7^7. 


123Z 


103Z 


37Z 




1Q9Z 


1022 


812 


512 


1102 


882 


irifiz 


372 


1232 


262 


EXTC 


N-Ni trosodi -n-propyl arti ne 


?! 


717. 


B57. 


61Z 


127Z 


9^Z 


3RZ 


29Z 


125;: 


1002 


762 


I'HX 


1102 


802 


012 


292 


1272 


322 






THEILE 3 - INTERLBBORHTGRV STUDV pg-5 

HCID EXTRHCrflBLE ORGHMICS (tllSO GROUP 20J 
RESULTS EXPRESSED IN ppb 



DISFRIBUTED: HflV 2, 
SRnPLE PRRfinETERS 



198^ DESIGN 

<ppb> 2001 2002 



EXTH 2,3,'),5-Telrachlorophenol 

EXTH 2,3,1,6-Telrachlorophenol 

EXTR 2,3,5,6-Tetrochlorophenol 

EKTH 2,3,5-Trichlorophenol 

EXEH a.l.S-rrichlorophenol 

EXTR 2,t,6-rrichloropheTiol 

EXTR 2, 4-Dinelhyl phenol 

EXTR 2,t-Dichlorophenol 

EXTH 4,6-Dinilro-o-cresol 

EKTH 2-Chlorophenol 

EXTH t-Chloro-a-nelhylphenol 

EXTR 4-Nitrophenol 

EXTfl p-Cresol 

EXTH Pentachlorophenol 

EKTH Ph»nol 

EKTB 2,3,1,5-TelrachlorophenoV t 5.1 1.& KX 

EKTB 2,3,1,b-Tetrachlorophenol G 1.0 4.6 nx 

EKTB 2,3,5,6-r»lrachlorophe'nol 6 2.8 4.8 XK 

EKTB 2,3,5-Trichlorophpnol B NO 

EXTB 2,4,5-Trichlorophenol 6 6.2 4.6 

EXTB 2,4,6-Trichlorophenol 6 S.2 5.3 

EKTB 2,4-DiMelhylphenol 6 < 7.3 3 

EXTB 2,4-Dichlorophenol 6 6.2 7.9 

EXTB 4,&-Dinitro-o-cresol 6 <24.0 4.6 

EXTB 2-Chlorophenol 6 6.8 4.7 

EXTB 4-Chloro-3-nelhyl phenol 6 6.4 4,2 

EXTB 4-Hitrophenol 6 5.2 2.5 

EXTB p-Cr*sol 6 7.6 3.6 

EXTB Pentachlorophenol 6 4.3 4.5 

EXTB Phenol 6 6.8 2.1 

EKTB 2,3,4-Trichlorophenol 5.7 4.5 

EKTC 2,3,4,5-Tetrachlorophenol 21 18.0 

EXTC 2,3,4,6-retrachlorophenol 21 17.0 

EKTC 2,3.5,6-Telrachlorophenol 21 12.0 

EXTC 2,3,5-Trichlorophenol 21 

EXTC 2,4,5-Trichlorophenol 21 20.0 

EXTC 2,4,6-Trichlorophenol 21 23.0 

EKTC 2, 4~Dinelhyl phenol 21 26.0 

EKTC 2,4-pichlorophenol 21 25.0 

EXTC 4,6-Dinilro-o-cresol 21 <24.0 

EXTC 2-Chlorophenol 21 28,0 

EXTC 4-Chloro-3-net.hyl phenol 21 23.0 

EXTC 4-Nilrophenol 21 18.0 

EKTC p-Cresol 21 25.0 

EXTC Pentachlorophenol 21 1^-0 

EXrC Phenol 21 23.0 

EXrC 2,3,4-rrichlorophenol 20.0 



11.6 
11.6 
11. 6 
ND 
16.1 
17.2 

8.9 
20.4 
18.2 
17. B 
16.1 

7.3 
10.2 
17.5 

8.9 
17 



KM 
KX 



LHBORHfORV NUnBFR 
2003 2004 2005 



2.6 
3.1 
2.6 
NO 
3.4 
3.7 

1 
3.8 
1.5 

4 
4.1 
1.7 
2.7 
3.5 
2-3 



12.7 
10.9 
10.8 
ND 
15.7 
15.1 

7.9 
14.3 
15.7 
14.1 
15.8 

7.5 

11 

21.6 

7.8 



6.3 ♦♦ 

6.3 tt 

.5 

.9 

5 

.5 

.2 

.7 

< 16 

5.7 

0.2 



0.6 

3.1 





12.3 *♦ 

12.3 *i 
26.1 

29. 4 
28.5 
31.3 
16.2 
29.4 
80.2 
26.1 
29.3 

6.2 
11.3 
36.3 
24.5 



20D6 2007 



5.65 
3.96 
3.2! 

< DL 
2.7 

2.07 
0.63 
1.84 
1.37 
3.07 
0.6 
0.9 

2.89 
3.02 
2.69 

37.11 
28.73 
26.68 

< DL 
15.81 
14.27 

0,87 

10.74 

14.94 

12.65 

3,97 

17.7 

13.6 
12.51 
14.91 



3.72 

3.05 

5.2 

3.65 

2.41 

1.65 



1.65 

9.3 



1.54 



1.93 

1.39 





15.43 

13.42 

24.96 

13.61 

9.48 

6.45 

2.57 

6.02 



5.05 

5.97 

0.8 

8.17 

9.05 

1.54 



2.2 M 

2.2 ** 

2.6 

2.6 

3.2 

3.4 

MR 
1.8 
2.6 

NH 

4.6 

1.7 

4 

2.4 

HR 



6.5 t* 
6.5 *♦ 
7.2 
7.2 
9 
9.2 

NH 
6.4 
7.4 

NH 

14 
8.2 

15 
B 

NR 



2000 2010 2011 2012 2013 



6.2 

14.5 

1.9 



4.65 

3.07 

0.52 

6.8 4.45 

5.3 2.79 

5.7 3.27 

26.7 6.34 

5.1 4.36 

StB 

5.1 4.7 

34.7 4.15 



7.2 

1.3 

6 

4.2 



18.8 

41.4 

15.9 

26. 

50. 

17. 

78. 

14. 

15.3 
101.7 
38.8 
12.1 
22.2 
12.5 



34.8 
25.4 
19.4 
31.9 
34.1 
33.8 
37 
33.2 
36.6 
30.3 
32 
42 
23.6 
47.6 
15.4 



@e 




0.37 


2.35 



m 



9 
3 
2 

5 
3 
5 
8 
3 
3 
7 
5 
0.75 
6 
1 
4 



46 

9 

9 

10 

13 

15 

30 

10 

IB 

21 

17 

5 

20 

6 

12 



6.4 
4,6 
5.6 
6.9 
4.4 <HDL 



4.9 
4,5 
3.4 



5.8 
3.7 
4,8 



5 
4.4 


3.9 
6.1 
3,5 

6 



18.1 
19.1 
15.4 

< 1 
19.4 
21.9 
15.4 
19.5 
10 
20.2 
19.6 

5.1 
17.2 
28.2 
14. 1 
28.8 



17 

12 

15 

1? 

<H0L 

12 

2.5 

7.5 

370 

3.7 

7.1 

13 

4.3 

30 

0.6 

12 



RRNGE 
HERN MEDIRN MIN MRX STD DEW 



5.4 
1.6 
4.2 
150 e 
9-1 
3.9 
4.7 
3.7 
11 
3.1 
4.9 



5,11 
4,74 
3-24 
4.33 
3.91 
4.00 
5.32 
4.20 
1,87 
5,02 
6.15 
2.05 
3.26 
3.85 
2.58 
4.76 



20.70 
17-28 
16-09 
19-34 
20-96 
18.07 
18-79 
16.43 
§ 22.34 
16.18 
23.80 
14-13 
14-35 
21-59 
11.57 
19.54 



5 
3-98 
3-01 
3.65 

3.4 
4.35 

2.6 
4.28 

2.6 

5 

4.18 

1.3 

3.6 

3.3 
3.02 

4.9 

17.5 

12.86 

15.2 

17 

16- 1 

16-15 
15-4 
14.5 

16.85 
17-8 

16.55 
7-85 
12- 1 
20.3 
12.5 
17 



2-20 
2-30 
0-52 
0.90 
2.41 
1.50 
0.00 
1,65 
0,00 
0.00 
0-20 
0.00 
0.37 
0.00 
0.00 
2.69 

6.50 

6.50 

7.20 

7-2 

9 

6-45 

0-87 

6.02 

D 

3.7 

3.97 

0.8 

4,3 

6 

0.6 

12.00 



X Results bosed on 2,3,4-trichlorophenol . 

KX The three telrachlorophenol co-elute, therefore the total result is dividp'd equally betueen the 3 paraneters. 

t* 2,3,4,5- ft 2,3,4,6-Tetrachlorophenol coelute, therefore the total result reported is divided equally betueen the tuo paranelers, 

eS 2,3,5-trichlorophenol different retention tine than standard qijanti tatf d. 

Bft HDL under rei'ieu. 

e RESULT EXCLUfiEP FROM CRLCULRTIOM OF MEHN, nEDIflH OHO STRHDRRD DEVI fin OH 

IF THE RESIILf^ MERE REPORTED OS <nDL OR NO. CI UHS EHIERED IF THE riDL IS LFSS THRU THE ?PIKE. DTHERUI5F <nnL OVRLUE IF KNOUfO URS EHrERED. 

IJRLUES REPORTED HS "< yHLUE" EXCLUDED FROH SfHTISTICflL rHLCOLRFlONS. 



9-00 

14-50 
5-60 
6.90 
6.20 
5.80 

26.70 
7.90 
4.60 
9.10 

34.70 
7.20 
7.60 

11.00 
6.80 
6.00 

46.00 

41-40 

26-68 

31-9 

50.5 

33. B 

78.1 

33.2 

370 

30.3 

101.7 

42 

25 

47.6 

29 

28-60 



1-832 
3-258 
1-496 
2.682 
1.251 



1.615 
7.546 
1,920 
1,666 
2,334 
9.177 
2.432 
2.252 
2.925 
2.006 
1.303 



12.009 
10.034 
6. 829 
11.388 
12.352 



8.233 
22.537 

9.136 
23.876 

8-676 
26-007 
13-299 

6.492 
12.358 

8.509 

6.437 



rHBLE 1 - INTERLRBOfiHTORV 5TUDV 89-5 

RCID EXTRRCTRBLE ORGRNICS (MISH GROUP 20) 

RESULTS EXPRESSED HS PERCENT RECOfERV OF DESIGN URLUE 



DISTRIBUTED: MRV 2, 19B9 

SmiPLE PHRRMETERS 

EMFB 2,3,4,5-Telrachlorophenol 

EKTB 2,3,4,6-retrachloroph*nol 

EXTB 2,3,5,6-Tetrachlorophmol 

EXTB 2,3,S-rrichlorophenal 

EXTB 2,4,S-rrichIoroph*nol 

EXTB 2,4,6-Trichloroph*nol 

EXTB 2, l-Dinrthijl phenol 

EXTB 2,4-Dic:hloroph«'nol 

EXTB 4,G-Dini tro-o-cr»sol 

EXTB 2-Chloroph«nol 

EXTB ^-Chloro~3-n*thtjlph*>nol 

EXTB f-Ni troph»nol 

EXTB p-Cr»sal 

EXTB PeniachI orophenol 

EXTB Phenol 

EXTC 2,3,1,5-T*tr«chloroph*nol 

EXTC 2,3,4,&-T«lrachlarophmol 

EXTC 2,3,S,&-T*trachloroph«nol 

EXTC 2.3.5-TrichlorophenoI 

EXTC a.-fpS-Trichloroph^nol 

EXTC 2,t,t-rrichloroph»nol 

EXTC 2, 1-Din«>thijl phenol 

EXrC 2,1-Dichloroph»nol 

EXTC <1,6-Dini tro-o-cr*sol 

EXTC 2-ChlorophprHil 

EXTC 4-ChI or o-3-Hethyl phenol 

EXTC <1-Ni trophenol 

EXTC p-Crrsol 

EXTC Pmtachlorophertol 

EXTC Phenol 



DESIGh 


1 


LRBORHTORV NUHBER 




















RRNGE 


STD 


(ppb) 


2001 


2002 2003 


2U04 


20052006 2007 


2008 


2010 2011 


2012 


2013 


HEHN HEDIRN 


niN 


HRX 


DEI/ 


6 


85Z 


77ZXK 


137. 


lOSZft 


91Z 


62Z 


37ZM 


103Z 


78Z 


150Z 


92Z 


107Z 


85Z 


83Z 


37Z 


150Z 


31Z 


6 


(.77. 


777.*n 


52Z 


lOSZIt 


&8Z 


51Z 


37Z** 


242Z 


51Z 


50Z 


75Z 


777. 


79Z 


S8Z 


37Z 


212Z 


S'lZ 


6 


177. 


77X** 


13Z 


75Z 


51Z 


87Z 


13Z 


32Z 


9Z 


33Z 


57Z 


93Z 


54Z 


SOZ 


9Z 


93Z 


25Z 


6 








15Z 




61Z 


43Z 


113Z 


7<izie 


33ZK 




115Z 


&5Z 


BIZ 


15Z 


1I5Z 


39Z 


b 


1037. 


777. 


57Z 


S3Z 


1SZ 


10Z 


53Z 


aoz 


<t7Z 


50Z 


73Z 




&5Z 


57Z 


10Z 


103Z 


21Z 


h 


B77. 


BBZ 


62Z 


25Z 


3SZ 


28Z 


57Z 


95Z 


55Z 


83Z 


97Z 


SOZ 


67Z 


73Z 


25Z 


97Z 


27Z 


f, 




50Z 


17Z 


37Z 


IIZ 


OZ 


NR 


IISZ 


lO&Z 


133Z 


62Z 


277. 


89Z 


13Z 


OZ 


115Z 


132Z 


f, 


103Z 


132Z 


63Z 


95Z 


31Z 


28Z 


30Z 


flSZ 


73Z 


50Z 


80Z 


707. 


70Z 


71Z 


28Z 


132Z 


32Z 


e 




777. 


25Z 




23Z 




t3Z 




OZ 


50Z 


OZ 


2500Ze 


31Z 


13Z 


OZ 


2500Z 


28Z 


8 


1I3Z 


7m. 


67Z 


95Z 


51Z 


OZ 


NR 


B5Z 


78Z 


117Z 


83Z 


152Z 


8tZ 


83Z 


OZ 


152Z 


39Z 


6 


io?:i: 


707. 


6BZ 


3Z 


lOZ 


26Z 


77Z 


578Z 


t9Z 


83Z 


73Z 


65Z 


102Z 


70Z 


3Z 


576Z 


153Z 


6 


977. 


12Z 


2BZ 


OZ 


15Z 


OZ 


28Z 


120Z 


OZ 


13Z 


OZ 


78Z 


31Z 


22Z 


OZ 


120Z 


40Z 


(, 


1307. 


60Z 


15Z 


lOZ 




32Z 


67Z 


22Z 


6Z 


lOOZ 


65Z 


&2Z 


51Z 


bOZ 


OZ 


130Z 


38Z 


S 


7Z7. 


75J: 


5BZ 


52Z 


lez 


23Z 


10Z 


lOOZ 


OZ 


17Z 


102Z 


183Z 


stz 


S5Z 


OZ 


183Z 


<f9Z 


b 


li3Z 


35Z 


38Z 


OZ 


50Z 


OZ 


NR 


70Z 


39Z 


67Z 


5BZ 


52Z 


t8Z 


SOZ 


OZ 


113Z 


32Z 


21 


867: 


5S7.*n 


&0Z 


59ZM 


177Z 


73Z 


31ZM 


90Z 


16&Z 


219Z 


86Z 


81Z 


99Z 


83Z 


31Z 


219Z 


S7Z 


21 


Bi:!: 


55Z»(>i 


52Z 


59ZM 


137Z 


MZ 


31Z»* 


197Z 


12 IZ 


13Z 


91Z 


57Z 


82Z 


blZ 


31Z 


197Z 


taz 


21 


57Z 


55ZXX 


51Z 


121Z 


127Z 


119Z 


31Z 


76Z 


92Z 


38Z 


73Z 


71Z 


77Z 


72Z 


31Z 


127Z 


33Z 


21 








110Z 




65Z 


3tZ 


125Z 


152Ze» 


18ZM 




81Z 


92Z 


81Z 


31Z 


152Z 


17Z 


21 


9SZ 


777. 


rs7. 


136Z 


75Z 


ISZ 


<13Z 


210Z 


1&2Z 


62Z 


88Z 




lOOZ 


77Z 


13Z 


2tOZ 


59Z 


21 


IIOZ 


BZ7. 


727. 


119Z 


&ez 


3IZ 


itz 


BIZ 


16 IZ 


71Z 


101Z 


57Z 


B&Z 


79Z 


31Z 


16IZ 


39Z 


21 


I21X 


42Z 


307. 


77X 


1Z 


12Z 


NR 


372Z 


176Z 


M3Z 


73Z 


12Z 


98Z 


73Z 


IZ 
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■X Results based on 2,3,4-Trichlorophenol . 

XK The three letrachlorophenols co-el ute, therefore the total result is divided equally belueen the 3 paraneters. 

tt 2,3,<1,5- ft 2,3,'1,6-fetrachlorophenol coelule, therefore the total result reported is divided equally betueen the tuo paraneters. 
88 2,3,S-trichlorophenol different retention tine than standard quantitated. 
8 RESULT EXCLUDED FROn CRLCULRTIOM OF HERN RNO HEDIHN 
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THBLE 5 - INTERLRBORHTORV STUDV 89-5 

NEUTRAL CHLORINftfEO EHTRHCTflBLE ORGflNICS 
RESULTS EXPRESSED IN ppb 

DESIGN LRBORflTORV NUMBER RANGE 

<ppb) 2001 2002 2003 20(M 2005 200& 2007 2008 2010 2012 2013 HERN HEDIRM HIN MflK STD DEV 
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TR Results qualified uilh a renarh code. 

K Hddiiional s*l of results analyzed using GC/HS; Not included in statistical calculations. 

NOTE: HFTER REVIEH OF THE DHTH SET, DISTRIBUTED TO THE PARTI CI PANTS SEPTEnBER 15, 1989, LHBORHTORV 2011 REOUESTED THAT 
THEIR DHTH FOR MISH GROUP 23 BE UITHDRRUN. THEIR RESULTS ARE PROVIDED FOR INFORMATION PURPOSES ONLV HNO HRE NOT 
INCLUDED IN THE STRTISTICHL CHLCULHTIONS. 



TRBLE 6 - INrERLRBORHTORV 5TUDV 89-5 

NEUTRHL CHLORI HATED EKTRRCTHBLE ORGHMICS (MISR GROUP 23) 
RESULTS EXPRESSED RS PERCENT RECOyERV OF DESIGN VALUE 



OlSTRlBUrED: NflV 2, 1989 
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FIG. 1: INTERLABORATORY STUDY 89 
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SAMPLE EXTB: BASE/NEUTRAL EXTRACTABLES (MISA GROUP 19) 



PARAMETERS IN ORDER OF ELUTION 
(BASED ON A SPB-5 CAPILLARY COLUMN) 

BIS(2-CHLOR0ETHYL)ETHER 

N-NITROSODI-N-PROPYLAMINE 
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FIG. 2: INTERLABORATORY STUDY 89-5 

SAMPLE EXTB: BASE/NEUTRAL EXTRACTABLE5 (MISA GROUP 19) 
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PARAMETERS IN ORDER OE ElUTION 
(BASED ON A SPB-S CAPILLARY COLUMN) 
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FIG. 3: INTERLABORATORY STUDY 89 

SAMPLE EXTB; BASE NEUTRAL EXTRACTABLES (MISA GROUP 19) 



5 



PARAMETERS )N ORDER OF ELUTION 
(BASED ON A SPB-5 CAPILLARY COLUMN) 
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FIG. 4: INTERLABORATORY STUDY 89-5 

SAMPLE EXTB: BASE/NEUTRAL EXTRACTABLES (MISA GROUP 19) 
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FIG. 5: INTERLAHORATORY STUDY 89-5 
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SAMPLE EXTC: BASE/NEUTRAL EXTRACTABLES (MISA GROUP 19) 



PARAMETERS IN ORDER OF ELUIION 
(BASED ON A SPB-5 CAPILWRY COLUMN) 
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FIG. 6: INTERLABORATORY STUDY 89 



5 



160% 

150% 

140% 

130% H 

120% 

1 10% 

100% 
90% 
80% - 
70% - 
60% 
50% - 
40% - 
30% - 
20% 
10% 
0% 



SAMPLE EXTC: BASE/NEUTRAL EXTRACTABLES (MISA GROUP 19) 



PARAMETERS IN ORDER OF ELUTION 
(BASED ON A SPB-5 CAPILLARY COLUMN) 
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FIG. 7: INTERLABORATORY STUDY 89-5 

SAMPLE EXTC; BASE/NEUTRAL EXTRACTABLES (MISA GROUP 
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FIG. 0: INTERLABORATORY STUDY B9-5 

SAMPLE EXTC: BASE/NEUTRAL EXTRACTABLES (MISA GROUP 19) 
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PARAMETERS IN ORDER OE ELUTION 
(BASED ON A SPB-5 CAPILURY COLUMN) 
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FIG. 9: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN LABORATORY PRECISION: LAB 2001 
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FIG. 10: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN LABORATORY PRECISION: LAB 2002 
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FIG. 11: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN LABORATORY PRECISION: LAB 2003 
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FIG. 12: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN Lj^BORATORY PRECISION: Lj^B 2004 
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FIG. 13: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN LABORATORY PRECISiON: 2005 
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FIG. 14: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN LABORATORY PRECIStON; LAB 2006 
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FIG. 15: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN LABORATORY PRECISION: lAB 2007 
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FIG. 16: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN LABORATORY PRECISION: Lj<vB 2008 
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FIG. 17: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN LABORATORY PRECISION: LAB 2010 
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FIG. 18: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN LABORATORY PRECISION LAB 2011 
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FIG. 19: INTERLABORATORY STUDY 89-5 
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BASE/NEUTRAlS within laboratory precision: lab 2012 
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FIG. 20: INTERLABORATORY STUDY 89-5 

BASE/NEUTRALS WITHIN LjABORATORY PRECISION: LAB 2013 
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FIG. 21: INTERLABORATORY STUDY 89-5 
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FIG. 22; INTERLADORATORY STUDY 09 
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SAMPLE EXTB; ACID EXTRACTABLES (MISA GROUP 20 
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FIG. 23: INTERLABORATORY STUDY 89-5 
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SAMPLE EXTB: ACID EXTRACTABLES (MISA GROUP 20) 
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FIG. 24: INTERLABORATORY STUDY 89-5 
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SAMPLE EXTC: ACID EXTRACTABLES (MISA 20) 



PARAMETERS IN ORDER OE ELUTION 
(BASED ON A DG-5 COLUMN) 
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FIG. 25: INTERLABORATORY STUDY 09-5 



SAMPLE EXTC: ACID EXTRACTABLES (MI5A GROUP 20) 
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PARAMETERS IN ORDER OF ELUTION 
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FIG. 26: INTERLABORATORY STUDY 89- 
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FIG. 27: INTERLABORATORY STUDY 89-5 

ACIDS WITHIN LABORATORY PRECISION: LAB 200 1 
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FIG. 28: INTERLABORATORY STUDY 89-5 

ACIDS WITHIN LABORATORY PRECISION: LAB 2002 
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FIG. 29: INTERLABORATORY STUDY 89-5 

ACIDS WITHIN LABORATORY PRECISION: LA8 2003 
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FIG. 30: INTERLABORATORY STUDY 89-5 

ACIDS WITHIN LABORATORY PRECISION: LAS 2004 
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FIG. 31: INTERLABORATORY STUDY 89-5 

AClOS WITHIN LABORATORY PRECISION; LAB 2005 
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FIG. 32: INTERLABORATORY STUDY 89-5 

ACIDS WITHIN LABORATORY PRECISION: LAB 2006 
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FIG. 33: INTERLABORATORY STUDY 89-5 

ACIDS WITHIN LABORATORY PRECISION; LAB 2007 
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FIG. 34: INTERLABORATORY STUDY 89-5 

ACIDS WITHIN LABORATORY PRECISION: LAB 2008 
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FIG. 35: INTERLABORATORY STUDY 89-5 

ACIDS WITHIN LABORATORY PRECISION: 2010 
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FIG. 36: INTERLABORATORY STUDY 89-5 

ACIDS WITHIN LABORATORY PRECISION LAB 201 1 
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FIG. 37: INTERLABORATORY STUDY 89-5 
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ACID5 WITHIN LABORATORY PRECISION: LAB 2012 
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FIG. 38: INTERLABORATORY STUDY 89-5 

ACIDS WITHIN LjUBORATORY PRECISION: LAB 2013 
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FIG. 39: INTERLABORATORY STUDY 89-5 

SAMPLE EXTB; NEUTRAL CHLORINATED EXTRACTABLES (MISA GROUP 23) 
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FIG. 40: INTERLABORATORY STUDY 89-5 
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SAMPLE EXTB; NEUTRAL CHLORINATED EXTRACTABLES (MISA GROUP 23) 
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FIG. 41: INTERLABORATORY STUDY 89-5 
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SAMPLE EXTC: NEUTRAL CHLORINATED EXTRACTABLES (MISA GROUP 23) 
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FIG. 42: INTERLABORATORY STUDY 89-5 
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SAMPLE EXTC; NEUTRAL CHLORINATED EXTRACTABLES (MISA GROUP 23) 
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FIG. 43: INTERLABORATORY STUDY 89-5 
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FIG. 44: INTERLABORATORY STUDY 89-5 
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FIG. 45: INTERLABORATORY STUDY 89-5 

NEUTRAL CHLORINATED WITHIN LABORATORY PRECISION: LAB 2003 
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FIG. 46: INTERLABORATORY STUDY 89-5 

NEUTRAL CHLORINATED WITHIN LABORATORY PRECISION: LAB 2004 
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FIG. 47: INTERLABORATORY STUDY 89-5 

NEUTRAL CHLORINATED WITHIN LABORATORY PRECISION: L^AB 2005 
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FIG. 48: INTERLABORATORY STUDY 89-5 

neutral CHLORINATED WITHIN LABORATORY PRECISION: LAB 2006 
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FIG. 49: INTERLABORATORY STUDY 89-5 

NEUTRAL CHLORINATED WITHIN LABORATORY PRECISION: LAB 2007 
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FIG. 50: INTERLABORATORY STUDY 89-5 

NEUTRAL CHLORINATED WITHIN LjABORATORY PRECISION. LAB 2010 
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FIG. 51: INTERLABORATORY STUDY 89-5 
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FIG. 52: INTERLABORATORY STUDY 89-5 

NEUTRAL CHLORtNATED WITHIN LABORATORY PRECISION: LAB 2013 
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8 APPENDIX 2 - LIST OF PARTICIPANTS AND CORRESPONDENCE 



Enviroclean 

Environmental Laboratory Services 

921 Leathome St. 

London, Ont., N5Z 3M7 

(519)686-7558 

Contact: J. M. Latella 



Eli-Eco Logic International 
143 Dennis St. 
Rockwood, Ont., NOB 2K0 
(519) 856-9591 
450-7691 (Toronto Line) 

Contact: Elizabeth Chisholm 



Onech International 
2395 Speakman Dr. 
Mississauga, Ont., L5K 1B3 

822-4111 

Contact: Jack Brady 



Zenon Environmental Inc. 
5555 North Service Rd. 
Burlington, Ont., L5L 5H7 
(416) 332-8788 

Contact: M. Glenys Foster 



Barringer Laboratories 
5735 McAdam Rd. 
Mississauga, Ont., L4Z 1N9 
890-8566 

Contact: Alan Lipski 



Wellington Environmental Consultants 
389 Laird Rd. 
Guelph, Ont. NIH 6J3 
(519)822-2436 

Contact: Brock Chittim 



Clayton Environmental Consultants 
949 McDougall Ave. 
Windsor, Ont., N9A 1L9 
(519)255-9797 

Contact: Paul Epstein 



Mann Testing Laboratories 
5550 McAdam Rd. 
Mississauga, Ont., L4Z IPl 
890-2555 

Contact: Jim Forrester 



Walker Industries 
P.O. Box 100 
2800 Townline Rd. 
Thorold, Ont., L2V 3Y8 
(416)227-4142 

Contact: Douglas De Coppel 



Novalab 

9420 Cote de Liesse 

Lachine, Que., H8T lAl 

(514)636-6218 

Contact: Dr. John Fenwick 



Microbe Inc. 

Environmental Biotechnology 

85 Midpark Rd. 

London, Ont., N6N 1B2 

(519)668-1005 

Contact: Shannon Flannigan/ 
Debbie Boersma 



Canviro Analytical 

Laboratories Ltd. 

50 Bathurst Dr., Unit 12 

Waterloo, Ont., N2V 2C5 

(519)747-2575 

Contact: Dale Sutherland 
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Ontario Ministry of the Environment 
Laboratory Services Branch 
Trace Organics Section 
125 Resources Rd. 
Rexdale,Ont.,M9W5Ll 
(416)235-5857 

Contact: Yvonne Jones/ 
George Crawford 



Dow Chemical Co. 
Vidal St. 
P.O. Box 3030 
Samia,Ont.,N7T7Ml 
(519)339-3264 

Contact: Brian Worthington 



Beak Analytical Services 
14 Abacus Rd. 
Brampton, Ont., L6T 5B7 

458-4044 



Contact: John Robertson/Daniel Andrews 
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MOE INTERLABORATORY VARIABILITY STUDY NOTIFICATION 
FOR THE ANALYIS OF TRACE ORGANIC COMPOUNDS 

STUDY NO. 89-5 

INTRODlJCrnON 

Private laboratoriesrecciving this notification are invited by the Ontario Ministry of the Environment 
to participate in an interiaboratory variability study of spiked reagent water conducted using MIS A 
analysis protocols. Laboratories interested in participating in this program, scheduled for the week 
of May 1. 1989, should contact Sylvia Cussion at (416) 235-5842 or Catherine Doehler (416) 
235-6055 of the Ministry of the Environment to confirm participation no later than April 25. 19^9 - 
All participants should follow-up telephone acceptance with written confirmation (FAX - (416) 
235-5744) by Ajznl 2L 1989 . 

BACKGROUND 

This study is being conducted to assist laboratories in assessing their analytical performance. All 
procedures should follow those principles and protocols outlined in the MIS A regulations (Ontario 
Reg. 358/88). Sample sets will include three samples per scan: a blank, a low spike (approx. 5 
times the MDL) and a high spike (approx. 20 times the MDL). 

NOTE: Any laboratory that does not have a copy of the MISA general regulations should contact 
Catherine Doehler for additional information. 

The following scans are to be included in this round robin: 

Extractahles (to be analyzed by GC/MS) 
fMISA Groups 19.20. and 23^ 

Time Limit: 30 davs storage 

Acenaphthenc 2,3,4,5-Tetrachlorophenol 

Anthracene 2,3,4,6-Tetrachlorophenol 

Benzo(a)anthracene 2,3,5,6-Tctrachlorophenol 

Benzo(a)pyrene 2,3,5-TrichIorophenol 

Benzo(b)fluoranthene 2,4,5 -Trichlorophenol 

Benzo(g,h,i)perylene 2,4,6-Trichlon)phenol 

2-Chloronaphthalene 2,4-Dimethylphenol 

Chrysene 2,4-Dichlorophenol 

Dibcnzo(a,h)anthraccne 4,6-Dinitro-o-cresol 

Fluoranthene 2-Chlorophenol 

Fluorcne 4-Chloro-3-methylphenol 

Naphthalene 4-Nicrophenol 

Phenanthrene p-Cresol 

Pyrene Pentachlorophenol 

Benzylbutylphthalate Phenol 
Bis(2-ethylhexyl)phthalate 
Di-n-butylphthalatc 

4-Bromophenyl phenyl ether 1 ,2,3,4-Tetrachlorobenzene 
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4-ChlorophenyI phenyl ether 1, 2,4,5 -Tetrachlorobenzene 

Bis(2-chloroethyl)ether 1 ,2,3-Trichlorobenzene 

2,4-Dinitrotoluene 1 ,2,4-TrichlorDbenzene 

2,6-Dinitrotoluene Hexachlorobenzenc 

Bis(2-chloroethoxy)methane Hexachlorobutadiene 

N-Nitrosodi-n-propylamine Hcxachloroethane 



SCHEDULE j 

During the week of May 1 , 1989 participating laboratories will receive a total of three (3) samples j 

for analysis of Acid and Base/Neutral Extractables. All samples will be spiked reagent water 

samples. , 



Participating laboratories are expected to analyze the samples within the time limits specified in ■ 

Schedule 2 of the general MIS A regulations (Ontario Reg. 358/88). Blank reporting forms will be 
provided with the samples. Results for all analyses are to be reported within forty (40) days of 
receipt of the samples to Sylvia Cussion/Catherine Doehler at the following address: 

Ministry of the Environment 

Laboratory Services Branch i 

Laboratory Computer Systems - QA/QC Section 

125 Resources Rd., P.O. Box 213 

Rexdale, Ontario j 

M9W5L1 ] 

SUMMARY OF RESULTS " 

All participating laboratories will be assigned a unique identiHcation code. All laboratories will 
receive a complete set of the results, including a ranking for each laboratory where they will be J 

identified only by their identification code. Recommendations made by the MOE will also be "^ 

provided to the individual labs. Results will remain confidential and will only be released with the \ 

written permission of the individual participants. 

It is the intent of this round robin (along with others) to assess the interlaboratory variability and \ 

detection capability for a broad range of organics and inorganics. 
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MOE INTERLABORATORY VARIABILITY STUDY NOTIFICATION 
FOR THE ANALYIS OF TRACE ORGANIC COMPOUNDS 

STUDY NO. 89-5 



Yes, we will participate in MOE Study 89-5 



No, we will not participate in MOE Study 89-5 



For the completeness of our records, and to avoid any shipping delays, please fill in the foUow- 



Maiiing Address: 



Shipping Address: 



Contact Person: 
Phone Number: 



Please return this questionnaire before April 28, 1989 to: 

Sylvia Cussion/Catherine Doehler 
Ontario Ministry of the Environment 
Laboratory Services Branch 
LCS-QA/QC Section 
125 Resources Rd, 
Rexdale, Ontario 
M9W 5LI 



(416) 235-5842 or 235-6055 
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Ontario Ministry of the Environment 

Laboratory Services Branch 

LCS-QA/QC Section 

125 Resources Rd. 

Rexdale, Ontario 

M9W 5L1 

(416) 235-5842 or 235-6055 

FAX (416) 235-5744 

May 2, 1989. 

TO: PARTICIPANTS OF MOE ROUND ROBIN 89-5 

Please find enclosed three (3) 1000 mL amber bottles. The samples are labelled as follows: 

EXT A EXTB EXTC 

If you are missing any of the above items, please contact us at the above phone number immediately. 

Your participation in MOE Round Robin 89-5 is greatly appreciated by the Laboratory Services 
Branch of the Ministry of the Environment. 

As stated in the notification distributed April 12, 1989, samples should be analyzed using the 
principles and protocols outlined in the MISA general regulation (Ontario Reg. 358/88). Store all 
samples in a refrigerator at 4 degrees Olcius until ready for analysis. Time limits for storage were 
indicated in the advance notification. 

To ensure timely release of a summary report, results are to be reported within forty (40) days of 
reception of the samples. Results will not be accepted after June 16, 1989. Report forms to be used 
are included with the samples. Please identify all sample results with your lab identification number 
and the sample numbers described above. Please contact us if there are any problems or questions 
re the round robin. 

Your lab identification number is: 

Sincerely, 



Sylvia Cussion C!atherine Doehler 

Lab Quality Audit Scientist MISA Audit Scientist 

(416)235-5842 (416)235-6055 
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Ontario Ministry of the Environment 
Laboratory Services Branch 
LCS-QA/QC Section 
125 Resources Rd. 
Rexdale, Ontario 
M9W 5L1 

(416)235-5842 

September 15, 1989. 

TO: PARTICIPANTS OF MOE INTERLABLABORATORY STUDY 89-5 

Thank you for your participation in the MOE Interlaboratory Study 89-5 conducted in May 1989 
to assess interlaboratory variability for the analysis of acid and base/neutral extrable organic 

parameters. 

Attached are all the results reported to me as of June 30, 1989. Not all the original participants 
were able to repon results. Listed for each sample and parameter are the expected values, the results 
reported by each panicipant, the mean, minium result, maximum result, and the standard deviation. 
All participants are identified only by their identification code. 

A formal report is presently being written. All participants reponing results will receive a copy 
when it becomes available. 

Please contact me if you have any further questions. 
Sincerely, 



Sylvia Cussion 

Laboratory Quality Audit Scientist 

Attachment 



